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THE  CHEMISTRY  OF  COLCHICINE 


Colchicine  (XV)  is  a 
0.5-0,9  per  cent  in  the  a 
also  in  some  other  plants 
for  the  treatment  of  gout 
that  it  has  the  ability  t 
mitotic  effects.  Its  prop 
somes  (polyploidy)  in  pla 
agriculture,  since  it  can 
also  to  grow  giant  specim 


n  alkaloid  occurring  to  the  extent  of 
utumn  crocus  (Colchicum  autumnal e )  and 

Although  it  has  long  been  used,  as  a  drug 
,  its  greatest  interest  lies  in  the  fact 
o  arrest  cell  division  and  to  cause  bizarre 
erty  of  increasing  the  number  of  chromo- 
nts  gives  promise  of  considerable  ure  in 

be  used  for  producing  new  species  vnd 
ens  of  fruits,  vegetables,  and  flowers. 


The  chemical  history  of  colchicine  can  be  divided  into  three 
periods:   (1)  the  preliminary  work  of  Zeisel  and  his  coworkers, 
(2)  the  main  structure  proof  by  Windaus,  and  (?)  recent  research 
concerned  with  various  fine  points  of  structure. 


(1)  The  Work  of  Zeisel  and  His  Group  (Vienna):   Zeisel  (7)  was  the 
first  to  purify  crystalline  colchicine  sufficiently  for  careful 
analysis.   He  and  his  group  established  the  following  facts: 


Colchicine  (C23H35N06 


hydrolyzed  by  alkali 
acid. 


or 


)  has  four  methoxyl  groups,  one  readily 
dilute  acid,  all  removable  by  hydriodic 


Colchicine  has  one  acetyl  group  attached  to  a.  primary  amino 
group  (proof  by  hydrolysis  and  reacetylation  experiments;  amino 
group  shown  to  be  primary  by  exhaustive  methyla.tion ) . 

Colchicine  has  one  methylene  group  readily  oxidized  to  a  car- 
bonyl  group. 

These  facts  allow  the  following  conclusion: 

(CK30)3(C16Hg0)(0CH3)(NHC0CH3);  C33H3506N 

Zeisel  concluded  further  that  the  molecule  contained  a  csrbo- 
methoxyl  group,  but  Windaus  later  showed  that  this  was  not  the  cast. 

_(?,)  The  Work  of  Windaus  (Gottlngen  )(9): 

a.  Windaus  postulated  the  presence  of  the  grouping   y^^n^pL 

A/° 

i 

Evidence:   Easy  hydrolysis  of  one  methoxyl  grouo  in  colchicine. 
The  oroduct  (colchiceln)  gives  a  positive  ferric  chloride  test. 
Colchicpin  reacts  with  iodine  and  potassium  hydroxide  to  give  a 
compound  (N~acetyliodocolchinol )  in  which  an  iodine  atom  has  re- 
placed (CHO): 


,-y" 
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\s\, 


•CHOH 


+  I,  +  KOK 


II 


0 


\^v? 


■  III  ■ 


\^\ 


IV 


This  reaction  parallels  the  formation  of  a~iodo-j3-naphthol  from 
a-aldehydo-p-naphthol.   Colchicein  (colchicine  with  one  methoxyl 
hydrolyzed)  we  s  thought  to  heve  the  structure  of  the  vinyl  alcohol 
(II)  rather  than  en  eldehydo  phenol  because  it  gave  no  eldehyde 
test  (hydroxylamine ).   It  does  hrve  many  of  the  color  reactions 
of  ortho-hydroxy  aldehydes,  however. 

b .  Oxidative  end  Other  Degradations  of  Colchicine : 


OCH 


Colchicine 


alk.   CH30 

KMnb4 

CH,0 


Colchicine 


HI  KMnO, 


COpH 


C02H     C02H 

VI      VII 

Is 

Colchicein   ->   N-Acetylicdo  colchinol  (VIII)  — >  Methyl  ether 

KOK  (C14H1904N)(C6H4(l)(OH)) 


KMnO. 


V 


Iodomethoxyphthalic  Acid  (IX) 


<cr°3 


XII 


N -Acetyl colchinol 
H2S04   methyl  ether  (XI) 


c1;oh(*coch3) 


Zn 
HO  Ac 


-j/ 


CK30 


■^>C03H 
N^//>C02H 


Colchinol  methyl    ether 
XIII 


XIII     C-S?X     A£?°    ^    (CH3)3N  +  C19K2004   (Tetramethoxycpd.) 

HI 


CisHi2        ^~ 


Zn 


m.p,    88°  Qlst. 

XIV 


C15H13O4    (Tetrahydroxy   cpd.) 
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Thie  evidence  indicates  three  different  slx-membered  rings: 

( CH30 ) 3  ( C  x 5H9 ) ( OCH3 ) ( NHCOCHa ) 

The  ~C15H9-  carbon-hydrogen  ratio  further  indicates  th:  t  ell  the 
rings  must  have  common  carbon  atoms*   A  methylphenenthrene  or 
methylpnthracene  appeared  to  Windaus  to  be  the  most  likely  struc- 
ture for  the  C1BH12  derivative  melting  at  88°  (XIV ),   All  the  pos- 
sible isomeric  methylanthracenes  ?nd  methylphenenthrenes  were  known 
except  4-  and  9-methylphenanthrenes.   9-Methylphenanthrent  was. 
synthesized  and  found  to  be  identical  with  XIV  (10,11). 

c •  Structure  of  colchicine  and  its  derivatives: 

1*  Colchicine  is  a  dihydro  derivative  of  9-methylphenanthrene. 

2.  The  dihydro  ring  is  the  center  one   and  contains  a  methylene 
group*   It  also  has  one  N-acetylpmino  group. 

3.  One  other  benzene  ring  carries  three  vicinal  methoxyl  groups. 

A  structure  (XV)  was  then  written  pe   follows: 


CH3O 
CH30 


A 


lJ-NHCOCH. 


B 


)CH 


^ 


V^CHOCHg 
7 


HOY^/  ^C-NHC0C6Hs 
A  I  B  I 

0 — 0=0 

XVI 


XV 


The  positions  of  the  three  vicinrl  methoxyle  of  Ring  A  were 
proven  to  be  2,3,  and  4,  as  shown,  by  an  ingenious  degradation  to 
a  lactone  (XVI)  which  linked  the  peri  positions  of  Rings  A  and  B, 

The  positions  of  the  groups  on  Ring  C  were  left  in  doubt  by 
Windaus. 

(3)  Recent  Investigations: 

Bursian  (Gottingen )( 12)  has  studied  the  hydrogens tion  of 
colchicine,  showing  that  a  nexehydro  derivative  forms  readily,  but 
the  double  bond  between  Rings  B  and  C  is  resistant  to  hydrogenation. 

G-rewe  (Gottingen )( 13)  has  synthesized  3~iod.o-4-raethoxyphthelic 
acid  and  5-iodo-4-methoxyphthalic  acid  pnd  found  thr t  the  latter 
is  identical  with  Compound  IX  obtained  in  the  degrada.tive  studies 
of  Windaus.   This  narrows  the  possibilities  for  Ring  C  to  either 
XVII  or  XVIII: 


;  ! 
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^ 


tvy^CHOCHs 
XVII 


^ 


M) 


v 

CHOCHg 


XVIII 


Cook  ^nd  hie  coworkers  ( London )(14, 15)  have  fIbo  carried  out 
recent  investigations  on  colchicine  and  throw  gome  doubt  on  the 
structure  of  Ring  B.   Their  experiments  have  not  yet  pointed  to 
an  improved  structure,  however* 
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PREPARATION  OF  a, p -UN SATURATED  NITRILES 

For  a  review  of  the  reactions  of  a,  (2-un saturated  nitriles,  and 
especially  acrylonitrlle,  the  reader  is  referred  to  the  seminar 
abstract  of  Dr.  Mahan  (1).   The  individual  papers  of  Bruson  of 
Rohm  and  Haas  and  his  American  Chemical  Society  address  before  the 
Illinois  Section  provide  further  details  of  interesting  cyano- 
ethylation  reactions  with  acrylonitrlle.   Since  analogous  reactions 
can  be  carried  out  with  other  ct# p-un saturated  nitriles,  it  becomes 
of  Interest  to  review  general  methods  of  preparing  such  nitriles. 
The  present  review  is  not  Intended  to  be  exhaustive  but  rather  to 
be  a  limited  survey  of  some  of  the  less  well  known  methods  of 
preparation  of  these  a* p-un saturated  nitriles. 

Catalytic  methods  of  preparation  of  acrylonitrlle  to  be  found 
in  the  patent  literature  (2)  include  dehydration  of  cyanhydrin 
over  activated  alumina,  removal  of  acid  from  a  cyenoaikyl  ester 
over  hot  metals,  and  dehydrohalogenation  of  a-helonitriles  over 
FeCl3  or  Ti02.   Dehydration  of  cyrnhydrins  cm  be  carried  out  on  a 
laboratory  scale  to  produce  a, p-unsatureted  nitriles,  as  can  de- 
hydrohalogenation  of  cc-f  lkyl-p-chloronitriles,  in  80-90$  yield, 
by  heating  with  pyridine  (3).   In  cases  where  mixtures  of  els  and 
trans  isomers  are  obtained,  these  can  be  separated  by  repeated 
fractional  distillation.   The  els  isomer  has  the  lower  boiling 
point  and  less  pronounced  ultraviolet  absorption  bands  than  the 
trans  variety  (4). 

A .  Preparation  of  q« p-ungp turated  nitriles  by  the  Knoevenapel 
type  condensation. — Trakhtenberg  and  Shemyakin  (5)  have  recently 
improved  the  Knoevenagel  approach  to  substituted  acrylonitrlle s 
by  refluxing  ketones  with  cyanoacetic  acid  in  piperldine  for  two 
to  four  hours: 

R\        ^.CN  piperldine  R\ 

C=0  +  H3C        ->         C=CH-CN 
R''        vC00H(  70-90#)   R1'" 

Pyre  cyanoacetic  acid  was  obtained  by  hydrolysis  of  ethyl  eyano- 
acetpte  with  dilute  nitric  acid,  based  on  an  earlier  method  of 
Phelps  ?nd   Tillotron  (6),   Practical  cyanoacetic  acid  is  commercially 
available  and  can,  of  course,  be  prepared  from  chloroacetic  acid 
(7).   The  Russian  workers  reported  that  no  Intermediate  cyanoacid 
appears  in  the  product  of  the  condensation  of  ketones  with  cypno- 
acetic  acid  in  piperldine  (8).   With  aliphatic  ketones,  the  a, p-un- 
satureted nitrile  is  produced  predominantly,  and  a-hydrindone  like- 
wise gives  the  a, p-unseturated  nitrile,  since  the  product  does  not 
tpke  up  bromine.   Acetophenone  and  benzophenone  did  not  react. 

Whyte  and  Cope  (9)  carried  out  condensations  of  cyclohexanone 
and  diethyl  ketone  with  ammonium  acetate  in  benzene  and  acetic 
acid.   Water  formed  during  the  condensation  was  removed  continu- 
ously.  The  elkylidene  cyanoacetic  acids  were  not  isolated,  but 
were  decerboxyleted  directly  by  heating  the  reaction  mixture  fol- 
lowing removal  of  the  solvent.   The  p,jT  -unsaturated  nitriles  ob- 
t?ined  by  heating  at  140°  and  50-60  mm.  for  2-3  hrs.  were  l^cyclo- 
hexenylacetonitrile  (79<£  overall  yield)  and  3-ethyl-3~pentene- 


-2- 

nitrlle  (72%),    respectively.   The  pyrogenlc  decomposition  of  cc,p- 
uneatureted  cyanoaclde  to  oroduce  unsaturated  (mainly  p,  '.)  nitriles 
is  based  upon  earlier  work  of  Birch  and  Kon  (10)  ^nd  Bruylants  (11). 
Although  the  p,tf-unsaturated  nitrile  predominates  ?s  e   product, 
95-100^  eauilibration  to  the  a, P~un saturated  nitrile  is  possible  by 
treatment  with  sodium  ethoxlde  ft  room  temperature  (12).   The  steps 
in  this  method  of  synthesis  are  outlined  b-low: 

NH40Ac  and  HOAc 
RN        /-CN         0H        A  NaOEt  R\ 

C=0  +  H2C  ->        ->    ->      C=CH-CN 

R»'        xCOOH  1 ^ ,  25°   R" 

(70~90<O      (95-100?) 


,-P   o 


It  should  be  noted  that  any  method  for  the  preparation  0: 
p,(f -unsaturated  nitrile  (possessing  pt  leeet  one  hydrogen  on  tne 
ot-C  atom)  is  a  potential  method,  of  obtaining  an  a,  |3-un saturated 
nitrile  by  the  eouilibration  reaction. 

Of  the  two  types  of  unsaturated  nitriles,  the  a, p-  hap  an 
exaltation  in  the  molecular  refraction  and  usually  has  p  higher 
boiling  point.   Chemical  methods  of  distinguishing  between  the 
two  include  (a)  oxidation  and  ldentif action  of  the  products, 
(b)  titration  with  iodine  and  mercuric  chloride  in  ethanol  (a,p 
does  not  take  up  iodine  appreciably)  (12),  (c)  titration  with 
bromine  (a, p  -does  not  react)  (11),  and  (d)  a  modified  Radzipzeweki 
reaction.   Murray  and  Cloke  (13)  have  shown  that,  in  general, 
a, p-un saturated  nitriles  give  substituted  glycidamides  with  hydro- 
gen peroxide  and  sodium  carbonate  in  acetone  (nearly  quantitative 
yields)  whereas  p,fl -unsaturated  nitriles  form  the  unsaturated  amide. 
Analysis  of  the  product  would  of  course  Indicate  the  presence  of 
the  extra  oxygen  where  the  glycidamide  is  formed. 

B .  Preparation  of  a.  p-unsa turated  nitriles  throur.h  alk.viioene 
cyanoacetlc  esters. — The  reactions  involved  in  the  preparation  of 
certain  substituted  a, p-unsa tura ted  nitriles  is  indicated  in  the 
following  scheme  (13,14,15,16,17): 

(I)  NH4OAC  and  HOAc 
R-CHg\        /CN  0H        '  R-CH8\   ^CN 

C=0  +  H2C  ->  C=C 

R»^        xC00Et      or  piperidine        Rf/   xC00Et 

acetate  and  Ac  OH 
(75-90?) 

(HI)  A 
(II)   R"X       R-CH^     /CN  1-5  hrs.      R-CH2>v 

»  C— C  ►  C=C— CN 

NaO   lso-Pr  R"    R^COOEt        NaOEt  R'^     \v 

lso  PrOH  HOEt 

170-90^)  (90#) 

In  reaction   I,    ammonium  acetate,    ^cetic   acid    and   benzene   pre 
used   for  the  condensation  of   ketones;   piperidine  acetate  ?nd   acetic 
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acid,  for  aldehydes.   Acetamide  in  acetic  acid  ie  pleo  an  effective 
catalyst  for  ketone  condensations.   The  water  formed  during  the 
condensation  is  removed  continuously  in  every  care.   In  reaction  II, 
elkyl  halides  or  sulfates  with  sodium  ieopropoxide  in  isopropyl 
alcohol  give  the  highest  yields  in  the  alkyl^tion  which  involves 
an  a^-shifti   In  reaction  III,  cleavage  of  the  (dialkylvinyl )~ 
alkylcyanoacetic  ester  by  refluxing  with  sodium  ethoxide  has  pro- 
duced 90^  yields  of  a, ^-unsaturated  nitrile  in  every  case  tried. 
The  mechanism  suggested  is  as  follows: 


Nc-c  +  oEt   zt  c-c.,>6- 

R'x     ^nCOOEt  Rf/     Ai>C^0Et 


ost 


C0(0Et)a 

+ 

[R-CK=C— C-CN]""     ^     [R-CfH-C=C-CN]" 

A'    A"  __  AT   A" 

JEtOH 
OEt  +  R~CHa~C=OCN 

A3  A» 

C .   Preparation  of   qr B-unsaturpted  nitriles  by   p 1 lylic  rear- 
rangements.— Dr.    Shepherd  reviewed  recently   an   example    of   allylic 
rearrangement  which  may  be  considered  at   the    same   time   to   be   a 
means   of  preparing   certain   special  a,  f3-unr,aturpted   nitriles    (18). 
Type  reactions   are   outlined   below   (9): 

0  220°  y \    A 


sr  <^u  y         \    / 


^p-CN        3r5  hrs. 


CaH 


<z> 


3W5  (35$)  C3H 


-CM 


3 


185° 


^ 


(5(#)  C3H5 


H-CN  ~*  <  >CH-CN 


D»   Preparation   of    special    types  of  a.  (3-unsetureted  nitriles. 
1.   Polyunsaturated  nitriles    (19): 


Z^  cu 

^CN  AcOH  /CN  195° 

0aC=CH-CHO   +   CH~  ->  02C=CH~CH=C  -> 

^COOH      (88?)  xC00H  (78?) 

03C=CH-CH=CH-CN 
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2.  "S-Imlnonltrilee"  (20): 

Ne  in  0H 

2RCH3CN         ->  R~CH3-C— (JH-CN,  actually  R-CH3-C=C-CN 
Thorpe  reaction        NH  R  f!jH3  A 

(50*) 

Hydrogen? tlon  evidence  favors  the  p-pmino-a, ^-unsaturated  nitrile 
structure  for  the  product  of  this  reaction.   This  eneamine  struc- 
ture is  also  favored,  by  evidence  based  on  molar  refraction  and 
dispersion  (21)  and  Raman  spectra. 

3.  B-Methoxy-q, g-unsaturated  nltriles  (22,23): 


^ 


Br<C         ^C0CH3CN 


Me3S04  +  KOH 
(30?0 


B 


*         ^=P.M~ 


=CH-CN 
Me 


NaOEt  +  Mel 


Brv<N^3X)0"* 


CH-CN 
He 


NaOEt  +  Mel 

^OCHgCN      "*  °~Me  and  C-Me 

derivs.  in  equal  amounts 
CH3 


^^ 


CK9N 


2^2 


0CH,CN 


ether 

(ioo#5 


'        CN 


trans- p-raethoxycinnarnonitrile 


4.    Acetylenic   Nitrile s    (24,25): 

(60-70#) 
R-C^C-MgBr  +  C1CK  -»  '         R~C=C-CN 

(6Cg)        .     _ 
.      0~C=C-MgBr  +  C1CK         -»         0-C--J-CN 

but  •      .v 

0-C^C-MgBr  +   BrCi  t8i? '      0-Cr.C-Br 


9 
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A  MECHANISM  FOR  SOME  SOLVOLYSIS  REACTIONS  OF  TERTIARY  BUTYL  ESTERS 
SAUL  G.  COHEN,  PITTSBURGH  PLATE  GLASS  CO. 

Day  end  Ingold,  In  a  review  published  in  1941,  observed  that 
there  are  a  multiplicity  of  mechanisms  to  explain  solvolytic  reac- 
tions of  esters  (4).   They  have  suggested  the  following  classifi- 
cation of  these  mechanisms  which  is  based  on  both  the  chemical  ar;d 
physical  observations  of  numerous  Investigators. 

TABLE  I 


Type   of               Entity                Known              Type   of   bond   f irsicn* 
mechanism         attacked  reactions Aoyl-oxy Alkyl-o  zi 

Base  R'COOR  Hydrolysis  B" i 

only         B'2         B»2 


Acid 


((R'COOHR)    /Hydrolysis      Af  1  k"  i 

)         +   ) 

((RrCOOH2)    /Esterification  A'2         A"2(?)' 


Subscripts  refer  to  the  kinetic  order  of  the  reaction. 
rNot  yet  experimentally  confirmed. 

Cohen  and  Schneider  (3)  and  Cohen  (2)  have  recently  presented 
some  chemical  evidence  in  support  of  the  fission  of  the  alkyl-oxygen 
bond  during  solvolysis  reactions  of  esters  of  t_-butyl  alcohol.   The 
data  for  these  alcoholysis  and  acetolysis  reactions  is  summarized 
in  tables  II  and  III,  respectively. 

Alcoholysi  s. — The  alcoholysis  of  esters  leads  to  different 
products  depending  upon  which  bond  is  broken.   The  usual  acyl- 
oxygen  fiesion  results  in  the  familiar   transesterif ication  giving 
the  new  ester  end  the  corresponding  alcohol.   Fission  of  the  elkyl- 
oxygen  bond  produces  an  ether  and  the  corresponding  acid.   This 
reaction  is  well  established  for  the  alkylation  reactions  of  the 
esters  of  sulfonic  acids  (6).   Although  this  reaction  is  general 
for  the  primary  esters  of  the  strong  acids  it  has  been  observed 
only  with  the  tertiary  alkyl  esters  of  the  weak  carboxylic  acids. 

TABLE  II 


Ester Solvent Conditions Products 


0COOC(CH3)3  Anhy.  MeOH    reflux  4  days    Benzoic  acid  22. 6# 

Me.  benzoete  61.9$ 
Me.  t-Bu,  ether  60. 7^ 
t_-Bu.  alcohol  none 

"  "         10  mcl^NaOMe     Me.  benzoete   71.6$ 

reflux  4  days    t-Bu.  alcohol  81. If 

no  ether  detected 


~2~ 


Ester Solvent Conditions Products 

MesC00t_-Bu.      "        reflux  7  days    Meeitoic  rcid    6,1$ 

t-3u.  Me.  ether  12. b% 
MesCOOt-Bu.  82. 5#  veno*- 
ered.- 

"  "         NaOMe.  no  reaction 

reflux  7  deys 

"        Water         20#NeOH  no   reaction 

reflux  1  hour 

■  Anhy.  MeOH    39. 5#  HC1  gas    Mesitoic  acid  96.5$ 

0°C. ,  30  min. 

■  Water         18$  HC1  "      »    97^ 

reflux  1  hour 

MesCOOMe     Anhy.  MeOH    39. 5#  HC1        no  reaction 

0°C,  30  min. 


T-Butyl  mesltoate  pnd  t_~butyl  benzoate  are  readily  end  ouanti- 
tatively  hydrolyzed  to  mesitoic  acid  and  benzoic  acid,  reepec- 
tively,  by  the  hydrion-catalyzed  reaction  in  either  water  or  anhy- 
drous methpnol  solution.   The  reaction  probably  follows  the  A" i 
mechanism  since  it  seems  not  to  be  sensitive  to  steric  effects. 
Stuart  models  indicate  that  there  is  practically  no  hindrance  of 
the  oxyg-n  atoms  of  these  two  esters  to  electrophilic  attack, 
whereas  the  carbonyl  carbon  atom  of  t-butyl  mesltoate  is  highly 
hindered  to  nucleophilic  attack.  As  wes  expected,  basic  hydrolysis 
of  the  mesltoate  could  not  be  accomplished  since  the  reaction  in- 
volves nucleophilic  attack  of  hydroxyl  ion  at  the  cerbonyl  cerbon. 

Methyl  mesltoate  is  not  hydrolyzed  when  subjected  to  acidic 
conditions  similar  to  those  causing  complete  hydrolysis  of  t-but/1 
esters.   This  is  in  accord  with  the  observed  order  of  rntee  of  1  .-.-■ 
hydrolysis  of  esters  (l<II<IIl)  (9),  and  with  the  order  of  ease 
of  formation  of  carbonium  ions  (I  \'II<IIl).   The  A!2  mechanism  ir 
highly  sensitive  to  sterlc  interference  to  the  approach  of  the  sol- 
vent molecule, 

Thet  the  esters  of  t_~butyl  alcohol  react  by  the  normal  B'2 
mechanism  during  treatment  with  alkali  is  indicated  by  the  fact 
that  t_-butyl  benzoate  produces  methyl  benzoate  and  t_-butyl  alcohol 
when  refluxed  with  methanol  and  sodium  methoxide. 

When  the  nearly-neutral  condition  of  boiling  methanol  was 
used  t_-butyl  benzoate  produced  methyl  t_-»butyl  ether  in  good  yield 
and  t-butyl  mesitoete  gave  the  ether  very  slowly.   It  was  observed 
also  that  a  mixture  of  t_-butyl  alcohol,  a  csrboxylic  acid  and 
methanol  did  not  produce  ?ny  ether  vhen  refluxed  a  comparable  length 


U3 


-3- 


of  time.  It  If  impossible  to  say  whether  this  reaction  is  A" 1  or 
A"  2  since  there  is  no  convenient  method  of  studying  the  kinetics. 
Cohen  formulates  the  course  of  the  reection  as  follows: 


0COOC(CH3)3  +  HA 


H 
0 


1   #C00C(CH3)3 

-it 
0COOH  +  C(CK3)a 


+  A 


C(CH3)3+  +  H0CH3  -»  CH3OC(CH3)3  +  H 


The  reaction  is  probpbly  initiated  by  the  solvent  methanol  to  rive 
e  small  pmount  of  the  products  end  then  the  acid  thus  produced  rets 
ps  the  catalyst  for  the  major  portion  of  the  reaction. 

Acetolysis. — The  reaction  of  an  acid  and  an  ester  to  produce 
the  corresponding  acid  and  ester  was  observed  as  early  as  1361  when 
Lowlg  (7)  produced  methyl  oxalate  from  oxalic  acid  and  methyl  car- 
bonate.  G-ault  and  Chably  (5)  found  the  reaction  to  be  reversible 
and  several  investigators  have  determined  equilibrium  constants  for 
various  esters  with  acetic  and  other  acids  (5,1,3).   Sowa  snowed 
that  the  reaction  was  acid-catalyzed.   Cohen  described  a  case 
catalyzed  by  base. 

Cohen  has  extended  the  reaction  to  esters  of  tc-rti-ry  alcohols. 

TABLE  III 
Reaction  with  Acetic  Acid 


Ester 


Conditions 


Catalyst 


Products 


t_~BuOOC0 


20  hour  6 
reflux 


2  days  at 
room  temp. 


2.5  hours 
reflux 


none         Recovered  ester  17# 

Benzoic  acid    72f 
t-Butyl  acetate  3.5# 

p_-Toluene     Recovered  ester  25^ 
sulfonic  acid  t_~Butyl  acetate  65^  )op   con- 
Ben  zoic  acid  61^   jeurned. 
isobutylene  6.5^)ester 

"         Benzoic  acid    76^ 
t_-Butyl  acetate  none 


With  much  more  rigorous  conditions  isopropyl  benzoate  produced 
only  a  small  amount  of  the  products  and  methyl  benzoate  was  re- 
covered without  a  trace  of  the  products  being  found.   Thus  the  order 
of  reactivity  of  the  esters  is  the  same  as  in  alcoholysis  (III>II> 
I).   Cohen  has  proposed  a  mechanism  for  the  reaction  which  is  con- 
sistent with  all  of  these  observed  facts  and  with  the  gene  re  1  theory 
of  ester  solvolysis  reactions. 


0C-OC(CH3)3  +  HA 


«4_ 


OH        1 
|0C-OC(CH3)3j   +  A 

JJ        + 

0COOH  +  C(CH3)3 


HA  =  acetic  acid 


I 


-toluene 
CH3COOH3) 


sulfonic 


ec  Id 


CH2=C 


/ 


CH. 


(CH3)3C 


+ 


XCH. 


(a) 


CH,COOH 


?  I 

jCH3fc-OC(CH3)3i 


it    CH3C~OC(CH3)3  +  HA 
"(b) 


The  formation  of  ieobutylene  probably  preeente  a  higher  acti- 
vating energy  bprrler  fince  It  take?  place  only  when  canpiderpblp 
energy  ie  supplied  In  the  form  of  heat.   This  mechanism  ip  superior 
to  thpt  of  Sowa  (8)  foho  suggested  that  the  alkyl  group  of  the  ester 
undergoes  loss  of  th<=  elements  of  th*  r-cid  producing  an  olefin  »F 
an  intermediate,  which  then  adds  the  acetic  acid.   This  wpg  suggested 
to  explain  the  production  of  from  2  to  bf   of  s_. -butyl  acetate  from 
n-butyl  esters.   However,  the  rearrangement  of  primary  and  secondary 
cprbonlum  ions  is  well  established. 
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PARTIAL  SYNTHESIS  OF  DEHYDROCORTICOSTERONE 


Dehydrocortlcosterone,  one  of  the  hormones  isolated  from  the 
adrenal  cortex,  is  a  derivative  of  the  hydrocarbon,  allopregnane , 
and  the  ring  system  is  numbered  in  the  following  fashion. 


8i(j)H20H 


*^#V/^ 


17 


16 


15 


This  hormone  along  with  co 
with  an  oxygen  atom  (either  as 
11-positlon  plays  an  important 
It  has  been  found  that  compound 
very  beneficial  in  treating  Acid 
an  insufficiency  of  the  adrenal 
sirable  to  have  synthetic  corti 
readily  available.  Difflcultle 
involved  the  inability  of  Intro 
Recently,  however,  the  synthesi 
(3,4,5,  and  6). 


rticosterone  and  other  compounds 
a  hydroxyl  or  a  keto  group)  in  the 
role  in  carbohydrate  metabolism  (l). 
s  with  oxygen  in  the  11-positi  m  are 
ison's  disease  (2),  which  is  caueed  bj 

glands.   Therefore,  it  would  be  de- 
cost  erone  or  dehydrocortico pt front 
s  in  synthesizing  the  compound  hevt 
ducing  oxygen  in  the  ll~positicn, 
s  h? s  been  worked  out  by  Reich stein 


The  starting  material  for  Reichsteinfs  synthesis,  3ct,12p~ 
dihydroxyetiocholanic  acid  is  prepared  from  desoxycholic  acid,  a 
bile  acid  (7).   The  conversion  of  desoxycholic  acid  to  the  desired 
starting  material  involves  the  important  Barbler-Wieland  degrada- 
tion. 


9H3 

CH-CH2CH2COOH 


Wi  eland 
degradation 


!H. 


Wl eland 

,rr  «„  degradation 

R-CH-CH3-COOH   °  — > 


nordesoxycholic  acid 


desoxycholic  acid 


<?H3 
R-CH-COOH 


Wi eland 
degradation 


R-C-CH. 


C6H5CHO 
r.'  a.  C  -^/  2  H  5 


R-C~CH=CH-C6H5 


bis -nordesoxycholic 
acid 


HO 


03   HIO. 


Hgp 


-2- 

COOH 


CHajN, 

then  Ac20 


II 

3a, 12p-dihydroxyetio- 
cholpnic  acid 


ACO 


COOCH. 


Cr03   KOH  c«H«COCl 


1%   HC1 

CKgOH 


COOC6H5 


COOCH-, 


6^5' 


then  pyridine 
CH,Na 


cT^y 


III 


IV 


V 


COOCH. 


340° 
12  mm. 


Meerwein  AcP0 
— >      — r 

Pondorf 


ACO' 


VI 


KOBr  CrO. 


ACO 


0     y.  COOCH3 

VN 


AA/ 


V 


*n 
— > 

duet 


1#  HC1   Cr03  H2  +  Pt  pyridine     KOH 

Ac20 


then  Ac20 


Arndt- 
Eistert   KOH 


0. 


Vs 


CHNo 

l   * 

C=0 


CH3C00H  Cr03   Br 


Z: 


'-±-j3 


VII 


~3~ 


IC 


o 


VSi 


N- 


pyridine 


CH3CAc 
CO 


0 


AA/ 


Br 


VIII 


A/\V 


0 


A/ 


N 


XIX 


This  acetate  can  be  readily  hydrolized  to  dehydrocortico- 
sterone,   which  agrees  with   the  natural  product  as  to  melting  point, 
mixed  melting  point,    and   specific   rotation. 


1. 
2. 
3. 

4. 
5. 
6. 
7. 
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THE  DAKIN  REACTION 


The  reaction  reported  in  1909  by  H.  Da kin  consisted  of  the  cxi 
dation  of  p_  or  p_-hydroxy  derivatives  of  benzaldehyde  and  acetophc- 
none  with  aqueous  alkaline  hydrogen  peroxide  to  dipnenols;  e.g. 


a  HO 
H 


H2O2 
NaOH 


OH 


OH 


In  addition  to  hydrogen  peroxide  other  peroxides  such  as  sodium 
peroxide,  perbenzoic  acid,  and  Carofs  acid  were  found,  to  work  sat- 
isfactorily, but  ordinary  oxidizing  agents  yielded  no  diphenol . 
Dakln  suggested  a  mechanism  for  the  reaction  based  on  the  assumed 
existence  of  a  ouinoid  form  of  the  phenolate  ion: 


^V 


r^V 


0 


•CHO 


v^ 


*CH-0 


Na   Ks-->3  HC00Na+ 


/'  V 


0 


^X' 


OH 


\Am 


.H 


V  %0E 


Earlier  E.  Bamberger  had  found,  that  in  the  oxidation  of  p_- 
aminobenzaldehyde  to  enthranil  with  peroxymono sulfuric  acid  (Care1 
acid)  several  other  compounds  were  obtained;  among  the^  o_~formyl~ 
eminophenol,  o_-eminophenol,  and  o_-nitrophenol  -  compounds  in  whicij 
the  carbonyl  group  has  been  replaced  by  an  hydroxy 1.   To  recount 
for  these  products  he  postulated  the  following  mechanism: 


NHOH 


! 

V^CHO 


.    NHCKO  NH3 

^V      H30  ^V 


OH 


X^ 


(0) 


^vN°3 


OH 


*V^ 


von  Wacek  and  coworkers  have  shown  in  recent  years  that  the 


when 

the  peroxide  of  oleic  ?cid  is  decomposed  in  its  presence.   The  re- 
action has  likewise  been  carried  out  satisfactorily  in  poetic  acid 
or  pyridine  Instead  of  aqueous  alkali. 
11 
Spath,  et  al.,  also  obtained  phenols  by  treating  o-  or  p_- 
methoxybenzaldehydes  with  *n  ethereal  solution  of  hydrogen  peroxide, 
although  no  phenol  could  be  obtained  in  aaueous  alkaline  solution. 


~2- 


OCH3   H^Op 
ether 


OCH. 


CH3   26^ 


CHO 
i 

rV 


e%o 


OH 


OCH. 


OCH; 


0CH3   1PY 


The  mechanism  of  the  reaction  has  been  studied  by  von  '.vV.ck. 
who  formulates  the  following  two  possibilities: 


A. 


^V 


B. 


CHO 
VN)H 

I 


H,0 


3^3 


CHO 


s 


O-OH 


<^w 


OH 


HsO 


HoO 


S^3 


^V 


OCHO 


V^O-GHO 

H 


I 

V\)H 


HaO 


X/^OH 


# 


V^ 


OH 


The  formyl  ester  intermediate  has  been  Isolated  by  carrying  out 
the  oxidption  with  per^cetic  acid  under  pnhydroug  conditions.   To 
show  which  course  the  reaction  has  taken  it  is  necessary  to  deter' 
mine  whether  the  formyl  group  has  migrated.   For  this  purpose  p_~ 
homosslicylaldehyde  (I)  and  m-homosalicylaldehyc!e  (II)  were  sub- 
mitted to  the  reaction. 


OCHO 


>H  CHoN 


3«  a 


OH 


</ 


/*Y3 


OCHO 


V 

CK3 


■OCH3   H20 


A 


X 


OCH- 


Creosol 


H. 


:ho 


CH,     Ni 


0 

CH, 


OCH- 


OCHO   CHoN 


a"  a 


X 


OCHO  H20 


0CH3 

A 


^ 


OH 


K3        Isocreosol 


X      ■£ 


-3- 


I  J 


K)CKO  CHaN 


2^2 


OCH3 
/'   >OCI 


X 


HO   K20  {' 


CH3Na 


H. 


HO 


^ 


OoH' 


QCH: 

X 


"OH 


H. 


HaP 


CHa 


OCH. 


Isocreeaol 


of 


Creorol 


reactions  was  in  e?ch  c?se 


The  final  product  of  this  series 
mixture  which  wee   separated  by  fractional  recry etallization  of  the 
picrates  into  both  creosol  and  isocreosol.   It  would  seem  then  that 
when  free  hydroxyl  groups  are  present,  the  reaction  takes  place 
in  both  ways.   In  the  case  of  the  methoxyl  compounds  where  no  re- 
arrangement  is  possible,  the  reaction  can  occur  only  in  the  second 
manner.   It  is  to  be  noted  that  the  yields  here  ?re  lower,  in  no 
case  exceeding  30^. 
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SUBSTITUTED  CYCLOOCTATETRAENE 


Ever  since  Its  synthesis  by  Willstatter,  cyclooctatetraene 
has  been  widely  used  in  theoretical  discussions  concerning  the 
structure  of  the  aromatic  neucleus.   Its  symmetrical  structure  as- 
signed by  its  discoverer  was  accepted  without  any  doubt  until  1938 
when  the  striking  similarity  between  cyclooctatetraene  end  styrene 
was  noticed.   In  1939 "Hurd  end  Drake  examined  the  Willstatter  ujv- 
thesis  more  closely  and  came  to  the  conclusion  that  the  symmetri- 
cal structure  was  not  supported  strongly  by  experimental  fact. 3. 

In  April  1941,  Dr.  Wawzonek  reviewed,  in  this  seminar  several 
unsuccessful  attempts  to  prepare  this  interesting  hydrocarbon. 
The  material  of  this  report  has  been  drawn  from  six  papers  pub- 
lished since  that  time. 


to 


Believing  that  substituted  cyclooctatetraene  may  be  easier 
make  and  more  stable,  the  attention  of  several  chemists  was 
drawn  to  this  direction.   Bachman  and.  Haoglin  reported  in  1943 
their  failure  «t  the  attempt  to  prepare  1, 2,3,4-dibenzo-l, 3, 5,7- 
cyclooctatetraene  (II)  by  subjecting  l-phenyl~4-(o~aminopr.."jnyl  )- 
1,3-butadlene  to  the  Pschorr  reaction. 


HC- 


CH 


V    V 


(I)    (cls-cis) 


(II) 


Of   the   four  possible   isomers,    the   cls-cis   form   is   the   only   one   in 
which   the   two  phenyl   groups   approach  each  other   close   enough   tu 
make   condensation  between   them   likely.      However,    they  were   unable 
to   find  a    suitable  method    for  preparing   this   isomer.      Instead, 
they   conceived   the   following   scheme: 

H 
R02C-C-CH3-C0SR        0=C  <?  >t  H02C~C C-C02H 

II  + 

Ph-C-Ph 

0aN 


HOpCH 


C~C02H 


II 


Ph-C-PK     03N-Ph-CH 

(III) 
QO3H     CO9H 


Ph-C-Ph     HaN-Ph-C-H 
(IV) 


/? 


'/ 


s\ 


y\ 


(v) 
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They  pointed  o 
on  the  left  of  comp 
groups,  (b)  the  reo 
a  phenyl  group  prev 
end  (c)  In  the  even 
to  determine  whethe 
whether  the  bond  en 
It  is  puckered,  the 
the  same  plane  ^nd 
tion  might  be  effec 


ut  that  (a)  the  configuration  of  the  double  bond 
ound  IV  is  lnvrriably  cis  for  one  of  the  phenyl 
lacement  of  the  hydrogen  atom  in  1-positlon  by 
ents  a  coupling  from  occurring  at  thet  position, 
t  of  a  successful  ring  closure,  it  is  possibl-e 
r  the  cyclooctetetraene  ring  is  puckered  or 
gles  are  strained  and  the  ring  is  planar.   If 

two  benzene  rings  would  not  necessarily  occupy 
the  system  would  be  optically  active.  Rerou- 
ted through  the  carboxyl  groups. 


Compound  III  was  obtained  easily  and  reduced  to  IV  which  was 
diazotized  without  difficulty.   However,  all  efforts  to  cause  the 
desired  ring  closure  were  unsuccessful  -  only  resinous  products 
could  be  obtained. 

Their  failure  was  preceded  by  Rapson  and  Shuttleworth  in  1941, 
when  thp  latter  workers  tried  to  prepare  II  by  three  different 
methods  without  any  success.   Whereas  the  condensation  between 
biphenyl~2,2,~dlaldehyde  and  succinic  acid  failed,  treatment  of 
l,4-bis-o~lodophenyl~l, 3~butadiene  (VI )  with  copper-bronze  alone 
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I 
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CH 


I 

V"- 


/X     /S\ 


sCH 


-CH 


V 


(VI) 


CO-CH. 


CH2-C02C2H5 


(VII) 


(VIII)  m.p.  233° 


or  in  ouiholine,  yiel&efl  lnte2M*6l£G\ile.r  condensation  products. 
They  were  also  unable  to  find  P  suitable  method  of  preparing  (VII ) 
from  which  the  desired  ring  system  should  be  accessible. 

However,  in  194?,  they  reported  their  success  in  synthesizing 
tetraphenylene  which  is  a  completely  substituted  cyclooctatetraene. 
This  compound  was  obtained  along  with  diphenylene  when  the  Grignard 
reagent  from  one  mole  of  2, 2,~dibromobiphenyl  and  1.2  moles  of 'mag- 
nesium was  treated  with  2.16  moles  of  dry  cupric  chloride.   It  is 
very  stable,  being  recovered  unchanged  after  treatment  with  potas- 
sium perm^nganpte.   It  did  not  form  an  addition  compound  with 
trinitrobenzene,  picric  acid,  or  styphnic  acid.   Bromination  in  the 
presence  of  a  catalyst  yielded  a  monobromotetraphenylene  melting  at 
182°.   Treatment  with  a  nitric  acid-concentrated  sulfuric  acid 
mixture  yielded  tetranitrotetraphenylene. 

Oxidation  with  chromium  trioxide  in  glacial  acetic  acid, 
yielded  the  anhydride  of  a  cicerboxylic  acid  which  wee  assigned 
the  structure  of  1,  2,  3,  4,5,  6-tribenzo-l,  3,  5,  7'~cyclcoct*-  tetreene- 
7,8-dlcarboxylic  anhydride  (IX,  deep  yellow  prisms,  m.o.  228-229°. 
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(XI) 

Further  oxidation  converted  (IX)  into  o-diphenylbenzene~2,,2fl--o,i 
carboxylic  acid  (x),  identical  with  p  specimen  preppred  by  the 
action  of  coooer  on  a  mixture  of  ethyl  2~iodobiphenyl-2,-car- 
boxylete  with  a  large  excess  of  ethyl  o~iodobenzoate. 


The  anhyd 
copper-bronze 
the  form  of  co 
1,2,3,4,5,6-tr 

the  isolation 
tetrachloride 
of  the  mpirica 
oxide  cptalyst 
ra.p.  111-113°, 
cyclooctatrien 


ride  was  decarboxylrted.  by  heating  with  p  mixture  of 
and  anhydrous  barium  hydroxide.   The  product  pseumed 
lorless  prisms,  m.p,  138.5-139°,   Its  formulation  es 
lbenzo-1, 3,5,7-cyciooctatetraene  (XI ),  follows  from- 
of  the  acid  (X).   Treatment  with  bromine  in  carbon 
converted  the  hydrocarbon  into  an  addition  product 
1  formula  C20H14Br2.   Hydrogen? tion  with  platinum 
yielded  a  dihydro  derivative  as  colorless  prisms, 
which  was  believed  to  be  l,2,3,4,5,6~tribenzo-l,3,5< 
e. 


The  absorption  spectra  of  tetraphenylene  and  1,2,3,4,5,6- 
tribenzo-l,3,5,7-cyclooctstetreene  were  found  to  be  closely  similar 
to  those  of  ?,2,-diphenylbiphenyl  and  2-phenylbi phenyl,   But  the 
absorption  spectrum  of  triphenylene  is  markedly  different.  Whereee 


/%,    y\ 


\s — % 


A> 


\^    V 


/V     S\ 


\? — V 
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V 
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the  presence  of  the  central  cyclohexatriene  ring  in  triphenylene 
causes  a  profound  difference  between  its  absorption  epectrum  and 
that  of  2-phenylbiohenyl,  the  presence  of  the  central  cycloocta- 
tetraene  ring  in  tetraphenylene  causes  no  such  difference  between 
its  absorption  spectrum  and  that  of  2,2'-diphenylbiphenyl,   This 
seems  to  Indicate  th°t  in  tetraphenylene  the  cyclooctatetraene  ring 
contributes  little  to  the  resonance,  and  therefore  p  non-planpr 
structure  for  the  tetraphenylene  molecule  is  probable.   Similar 


<wt> 
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conclusions  muet  be  drawn  in  the  case  of  1, 2, 3, 4, 5, 6-tribenzo- 
1,3,  5,7-cyclooctatetraene.   They  also  cited  substituting  evidence 
from  X~rey  end  electron  diffraction  studies. 

Bachrapn  pointed  out  that  a  cyelodecepenteene  molecule  of  the 
following  structure  should  be  nearly  planar  and  Very  little  more' 
strained  th^n  naphthalene.   It  mey  be  relatively  stable  because 
of  the  high  resonance. 


V/VV 
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LINEAR  POLYNUCLEAR  HYDROCARBONS 


Polynuclear  hydrocarbons  are  benzologs  o 
simplest  being  naphthalene.  This  hydrocarbon 
logs;  in  one,  anthracene,  the  three  benzene  r 
line.  This  arrangement  is  said  to  be  linear, 
enthrene,  in  which  the  arrangement  is  a np;ular 
convenience,  the  term,  linear  polynuclear  hyd 
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to  signify  linear  benzologs  of  anthracene;  th 
according  to  certain  properties,  especially  c 
properties  are  shown  to  a  lesser  degree  by  an 
linear  hydrocarbon  having  four  benzene  rings 
tetracene  (C:.aH13);  the  nomenclature  is  regul 
penta.cene,  hexacene,  heptacene.  The  position 
numbered  clockwise,  starting  at  the  top  carbo 
hand  ring. 


f  benzene,  the 
has  two  monobenzc- 
ings  are  in  a  straight 
The  other  is  phen~ 
Because  of  its 
ro carbons  ,  lias  con.? 
ey  have  been  grouped 
olora  Most  of  the :e  . 
thracene.   The 
is  naphthacene,  or 
^r  thereafter,  e«g., 
s  on  the  ring  are 
n  on  the  rifrht- 


Naphthacene  occurs  in  small  amounts  in  coal  tar;  it  persists 
as  an  impurity  in  many  other  polynuclear  hydrocarbons  isolated 
from  coal  tar  and  may  be  responsible  for  their  yellow  color.   The 
other  linear  compounds  are  obtained  by  synthetic  methods. 

The  syntheses  require  the  addition  of  rings  in  a  linear  posi- 
tion, which  is  not  en  easy  process  because  of  the  tendency  to  form 
angular  compounds.   The  only  practical  general  method  involves 
the  use  of  a  phthalic  anhydride  in  a  Friedel-Craf ts  reaction,  and 
cyclization  of  th^  O-benzoylbenzoic  acid  thus  formed-,   Advantage 
is  taken  of  the  tendency  of  reduced  ring  systems  or  those  bearing 
suitable  substituents  to  close  linearly.   The  following  synthesis 
of  naphthacene  (l)  indicates  the  general  method  used  to  synthesize 
these  hydrocarbons. 


(a) 


A1C13 
H2      CgP^Clg 

*s  >\>Ha      1/2  hr. 

Ha  91-97? 


v^ 


H, 
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ro.    NaOH 
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x        >xj       reflux 
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IV 


III  Hi 


48#  (celc'd.  on 
basis  of  phthalic 
anhy Td.  ) 


Cu 

400° 
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Quantitative 


~2- 


(b) 


Ha_S04 

25#  SO. 
(?) 


■  Zn 

700° 

40^ 


40# 


Pentpcene  (4),  hex?cene  (5,5),  and  heptacene  (5)  have  been  obtained 
by  analogous  procedures. 

The  linepr  polynuclepr  hydrocarbon  that  attracted  the  most 
attention  was  called  "rubrene"  by  it?  discoverers,  Moureu  and 
Dufraisse  (7).   After  8  nro longed  ptudy  Dufraisse  showed  thrt 
rubrene  is  5,6,11, 12-tetraphenylnsphthacene,  and  his  conclusions 

hpve  been  verified  by  several  syntheses  (8,9) . 

Several  varieties  of  polyerylated  tetrecenes  and  pentacenes 

are  known.  Most  of  them  hpve  been  secured  by  the  action  of  ap- 
propriate organometallic  compounds  upon  the  linear  polynucle  r 
quinone?,  by  suitable  manipulations*  Hydroxy-  and  pminoquinones 
are  also  known. 

The  outline  structures  of  these  hydrocarbons  is  usually  de- 
termined in  the  quinonee,  which  are  easily  cleaved  to  readily 
recognizpble  fragments  by  an  alkaline  fusion.   Now  that  prepara- 
tive procedures  are  largely  standardized,  the  method  of  synthesis 
serves  bf   an  independent  proof  of  structure.   The  location  of  the 
bonds  is  not  so  epsily  settled.   It  is  generally  accepted  that  the 
preferred  bond  structures  of  these  hydrocarbons  are  as  shown  below. 


I     ! 


Naphthacene 


Pentacene 


A/ 


Heptacene 

The  locption  of  certain  bonds  in  the  quinones  has  been  demonstrated 
by  the  formation  of  1,4-  addition  products  with  Grignard  reagents 
(10). 
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The  most  striking  physical  property  of  the  linear  polynucl^e^ 
hydrocarbons  is  their  deep  colore;  npphthacene  is  orange-red; 
pentacene  is  reddish~blue,  end  hexecene  end  heptecene  pre  green. 
Clpr  (11)  suggested  that  the  hydrocarbons  were  in  equilibrium  with 
free  radicals,  dlyls.   Thus, 

H 


%S%/%AsS/s^ 


The  free  radicals  would  account  for  the 
hydrocarbons.  Such  an  explanation  seems 
stances  do  not  exhibit  paramagnetism  (12 
be  considered  only  er  a  transitory  pheee 
nate  interpretation  (13)  iB  that  even  th 
arrangement  of  the  double  bonds  in  terms 
formulation  gives  a  pentacyclic  system  w 
and  a  hexacyclic  structure  with  four  qui 
in  color  in  the  series  seems  attributabl 
conjugated  double  bonds,  particularly  in 
somewhat  analogous  case  is  encountered  i 
phenylpolyenes. 
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Chemlcelly,  these  hydrocarbons  are  very  reactive  and  unsatur- 
ated.  They  combine  rapidly,  by  addition  (and  are  simultaneously 
decolorized),  with  oxygen,  hydrogen,  bromine  and  maleic  anhydride. 
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The   most   spectacular  property   of   these  hydrocarbons,    first   noticed 
with  rubrene    (14)    is   the   formation   of    a   colorless  photo-oxide 
("dissociable   oxide")   when   benzene   or,    better,    carbon   disulfide, 
solutions  are    shaken  with   air   in   the  light.      The  photo  "-oxides  undergo 
thermal   dissociation  with   the   liberation   of   oxygen. 


y 
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^6^5  CGH5 


light  J-Oo 


heat   -  0 


"-  CRH? 


L'5    ^6n5 


fvy 

C3H5  C6H5 


Oxidation   by   chemical   reagents  results   in   the   formation   of 
mono   or  dlouinones.      The   long  conjugated   systems   of   c.ouble   bonds 
are  partially  or  completely  missing  in   the   quinones,    bo    that   the 
unusual  properties   associated  with   the  hydrocarbons   are   no   longer 
encountered. 
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No  carcinogenic  activity  has  been  observed  with  the  linear 
polynuclear  hydrocarbons. 
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CARBOXYLIC  ACIDS  OF  MEDICINAL  VALUE 
(Karl  Kindler,  Universitat  Innsbruck) 

Many  substituted  phenylacetic  and  phenylpropionic  acids  have 
proved  to  be  active  bactericides,  and  derivatives  or  these  acids 
are  important  therapeutics.   In  order  to  make  new  acids  of  this 
type  available,  Karl  Kindler  developed  several  methods  of  synthesis'. 

Substituted  Phenylacetic  Acids 

Substituted  phenylacetic  acids  were  prepared  from  readily 
available  aldehydes  according  to  the  following  equation. 

C6H5C0C1  2H 

ArCHO    ->     ArCHCN    (I)  — >   ArCH3CN  +  C6H5COOH 

KCN  Pd       Ha0                  (1) 
60CC6H5 


ArCHoCOOH 


With  tetralin  as  hydrogen  donor  and  palladium  black  as  catalyst, 

the  nitriles  were  obtained  in  yields  averaging  70  per  cent. 

Since  amines  were  sometimes  obtained  as  by-products  in  the 
above  reduction,  it  was  often  desirable  to  convert  the  nitrile  (I) 
into  the  ester  before  reduction.   Reduction  of  the  ester  also 
presented  difficulties,  since  molecular  hydrogen  was  absorbed  so 
rapidly  that  the  hydroaromatic  derivative  resulted. 

H2(2  atm. ) 
CHC00C3HB      -♦       </        ^CH3C00C3HB 

OOCCH3        Pd 


^  /y 


In  compounds  having  an  alkoxy  group  as  substituent  on  the  aromatic 
ring,  the  formation  of  the  hydroaromatic  compound  was  especially 
rapid.   However,  the  reduction  of  the  aromatic  ring  could  be  pre- 
vented by  the  addition  of  hydrobromic  acid  or  ZnCl3-HCl.   The  action 
of  such  an  additive  involved  the  formation  of  a  molecular  compound 
by  coordination  with  the  carbonyl  oxygen. 


Ar-CH-COOR 

•CO.  ..HBr  (3) 

'H3 


i, 


This  weakened  the  C-0  bond  indicated,  and  allowed  the  replacement 
of  the  acetate  group  by  hydrogen. 

Substituted  phenylacetic  acids  were  also  prepared  by  hydro- 
genatlng  the  phenylglyoxylic  esters  obtained  from  the  Frledel- 
Crafts  reaction  between  ethyloxalyl  chloride  and  an  aromatic 
hydrocarbon  or  alkylaryl  ether.   Overall  yields  averaged  55  per  cent. 
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A1C13  Pd-H2 

ArH  +  C1C0C00C2K5    -*    ArCOCCOC2H5    ->    ArCH2COOC2H5 

C6HBN03  H3S04 


(4) 


Substituted  g-Phenylpropionic  Adas 

Esters  of  aromatic  carboxylic  acids  condense  with  acetic  e.°ter" 
in  the  presence  of  sodium  to  form  aroylacetic  esters.   Kindle*  c  - 
tained  p-phenylpropionic  acids  in  50-70  per  cent  yields  by  re.'  'Cclon 
of  aroylacetic  esters  in  the  presence  of  concentrated  sulfuric  acid. 


ArC0CH2C00C2H5 


H3 
Pd 


-H20 
ArCHCK2C00C2H5  -*       ArCH=CHC00C2H5 

I  H2S04 

OH 


(5) 


H; 


Pd 


ArCH2CH3C00C2H5 


|5-Aryl  propionic  acids  bearing  easily  reducible  substituents 
such  as  halogens  or  alkylthio  groups  cennot  be  prepared  In  the  above 
manner.   Kindler  developed  a  method  of  synthesis  employing  arylethyl 
ketones.   Upon  reaction  with  dimethylamine  and  sulfur,  the  ketones 
yielded  N, N-dimethylthioamides,  which  were  hydrolyzed  to 
£-arylpropionic  acids. 


NR2         S:NR2 
NHR2     i        S  -H20 

ArC0CK2CH3   ->    ArCCH2CH3  ->  ArCCH2CH3   -» 


OH 


S:NR2 
ArC=CHCH2.H 


—  i 


OH 


H*0 


RaN-C-CHaCHaAr 


(6) 


ArCH3CH3COgH 


Aryl-substituted  acetic  acids  were  produced  from  arylmethyl  ketone 
in  a  similar  manner. 
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An  acyloin, 
type  formula 


ACYLOINS 


as  considered  in  this  seminar,  will  possess  the 


)H 
R-C-C-R' 


where  R  and  R1  are,  in  general,  both  aliphatic. 

Acylolns  are  of  Interest  both  academically  and  Industrially. 
Patents  have  been  issued  covering  the  preparations  of  cyclic  acyloinc 
useful  as  perfumes  (1),  and  of  sulfated  acyloins  which  are  suitable 
for  use  as  dye-bath  assistants  in  the  textile  industry.   (2)  Recently, 
attention  has  been  called  to  the  presence  of  the  a  ketol  grouping 
in  the  side  chains  of  sterols  of  the  type  of  dehydrocorticost ~rone; 
subsequently  compounds  containing  this  grouping  have  been  synthesized 
which  possess  biological  activity  (3). 

Preparation 

Because  synthetic  methods  of  real  value  are  few  whereat 
specific  preparations  are  many,  only  those  of  greatest  interest  will 
be  considered. 


1. 


Condensations  using  sodium, 
a.  On  esters  (4). 
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C3H7C— OC  3H5 


Na 


25  Hrs 


C3H7-C-0Na 
C3H7-C-ONa 

H,0 


C3H7-C-OH 
C3H7-C-OH 


C3H7-C=0    80% 
C3H7-CHOH 
b.  On  acid  chlorides  (5). 

Na       C3H7-C-0CC3H7  h-+ 


H7C- 


'3«7 


CI 


Moist  Ether 


C3H7— C— 0Ct'3H7 


C3K7-C=C 

C3H7-CHOH 


The  preparation  of  acyloins  using  sodium  and  an  ester  is  that 
employed  by  Organic  Syntheses  (6)  for  the  preparation  of  butyroin, 
pivaloin,  etc.   The  synthesis  fails  when  used  with  unsaturated  aci 
esters  because  of  the  formation  of  resins.   The  mechanisms  of 
these  reactions  as  first  proposed  and  so  listed  above  have  been 
subjected  to  some  criticism.   Scheibler  and  Emdcn  (8)  believe  that 
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fVfd 


RCONa=CONaR  Is  an  Intermediate  because  treatment  of  a  reaction 
mixture  with  ethyl  bromide  yields  the  1, 2~diethoxyethylene. 
Kharasch  has  developed  the  theory  further  and  postulates  other 
intermediates,  but  according  to  him  this  enolate  is  present  In  the' 
reaction  mixture  (9).   Woodward  (10),  however,  cites  so;;:e  con- 
vincing proof  that  the  enolate  rather  has  the  ionic  for:.:. 

RCH2CH-C=CHR  j*    R-CH-C-CHR 

I  I 

0  0  0 

e  e        e 


8 


2 .  Hydrolysis  of  q-chloro  ketones  (11), 

H20  CaC03 

reflux  9  hrs. 


I 


CH3C— CH2CH3 


CH3C-CHBrCH3 


CH3C-CHOH3 

4:Qfo 


Although  general,  this  method  at  times  fails  because  of  difficulties 
both  in  preparing  the  halogenated  ketone  and  in  the  hydrolysis. 

3.   Action  of  Grlgnard  Agents. 

a.  Addition  to  nitriles  (12) 


H 

RMgCl  OK  N 

C6H5CH2Q-CN    -»    C6H5CH2-C-C-G 
)H  H 


H3C6H< 


1 


C6H5CH2C_C-CH2CGH5 
H 


b.  Use  of  furaldehyde  (13). 


IT 


RMgl 


RCH 


0^ 


.CHO 


OMgl 

=CH-CH=C-CH(R)OMs 


gl 


B.8Lffi 


K+ 


H 


RCH=CHCHaC-0-R 

H 

This  reaction  is  carried  out  by  adding  excess  G-rignard  to  a  xylene 
solution  of  furaldehyde  in  the  cold  and  then  bringing  the 'mixture 
to  the  boiling  point. 


.•     •:• 


JK 
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4.   Enzymatic  and  Photochemical  Preparation. 


a.  Addition  of  CH3CHO  to  a  yeast  suspension  containing 
luco8e  gives  acetoln  (14).   Although  the  yields  are  poor 
3-5$),  it  is  possible  that  the  process  may  be  developed 
for  there  exists  a  German  patent  in  which  optically  active 
acyloins  are  prepared  by  fermentation  of  £-hydroxybenzaldehyde 
in  the  presence  of  acetaldehyde  and  glucose  (15). 


t 


b.  Aqueous  solutions  of  pyruvic  acid  or  acetaldehyde  whe. 
irradiated  with  ultra-violet  light  give  acetoin  in  almost 
quantitative  yields  (16).   This  method  has  not  as  yet  been  ex- 
tended to  other  acyloins  with  great  success,  although  AcCHOHPh 
has  been  prepared  in  small  yield  by  decomposing  pyruvic  acid 
in  the  presence  of  benzaldehyde. 

5.   Use  of  acetylenes  and  allenes. 

a.  Acetylenic  compounds  (17). 


CH3    HOCOCH3      0  OAp.    it 


+1+     CH3C-5-CH3   ->  CH3C-O-CH: 


v'li 


Hg-  .•■  BF3      H 


b.  Allenes  (18). 


EtCH=C=CH2 


dil.  AgCl03 
0s04 


Commercially,  compounds  of  the  type,  R-C=C-R  have  been  oxidized 
by  H303  in  the  presence  of  0s04  in  t-BuOK  to  give  acyloins  (19), 

6.  Miscellaneous. 

a.  Friedel  Crafts  (20). 


IC-CK( 


AICI3 
(CH3)3CC-CH0    ->  *   C6H6CH0HC0C(CH3)3 


CRH 


6  "6 


bZfo 


b.  Reduction  of  =CC1N0S   (21). 


OH  ClOH     Pd-BaS04     OH  0 

CH3CK-C-CHCH3     -*      CH3CHdt2H5 
N03        H3 

60^ 


Reactions. 


Acyloins  may  be  considered  as  simple  ketoseo,  this  character 
being  demonstrated  both  by  the  formation  of  osazones  (22)  with 
phenyl  hydrazine,  and  the  formation  of  compounds  of  glycosidic 


-  »*  «  * 
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etructure  with  CH30H  (23). 

Much  work  has  been  done  on  the  isomer! sat ion  of  acyloins 
and  it  has  been  found  that  traces  of  either  acids  or  bases  can 
cause  the  rearrangement:  (24) 


RCOCHOHR' 


H 
or  OH* 


RCHOHCOR' 


Oxidation  studies  using  Pb(0Ac)<4,  HI04;  and  catalytic  agents  such 
as  S302-H3P04  have  also  been  carried  cut  on  acyloins.   The 
cleavage  with  Pb(OAc)4  gives  an  acid  and  an  .aldehyde  and  proceeds 
only  in  the  presence  of  H20,  EtOH,  or  HON  (25). 

Some  cyclic  acyloins  investigated  by  Katz  (26)  when  treated 
with  a  G-rignard  underwent  an  interesting  reaction. 


/S 


SA 

OH 


CH3MgI 


OMgl  +  0Ha=CHa 


+h?0       -HoO 


Finally,  the  structure  of  the  product  obtained  by  the  condensation 
of  the  sodium  enolate  of  an  acyloin  with  ethyl  acetate  has  re- 
cently been  established  by  Woodward  and  Blout  (27).   Bouvealt 
and  Locquin  (28),  on  the  basis  of  their  formula  for  the  enolate, 
postulated  that  the  reaction  took  the  following  course: 


Pr-C-ONa 
Pr-C-ONa 


CH3COOCpH 


Pr-C- 


Z^B 


Pr 


-S 


/ 


CHC00CH. 


However,  experimental  evidence  has  led  the  former  to  believe  that 
the  product  is  a  1,3  cyclopentadione  and  that  the  reaction  pro- 
ceeds as  follows: 


Pr-CHOH   NaOEt 

I 

Pr-C=0    CH3COOEt 


k 


rrev. 


CH< 


\  XC3H5 

9h 


Pr-CH-C=0 
OH 


/\s 


*- 


CH3-C 
Pr-C-Cx 


CHEt 


sic 


shift   PrJ. 


medium 
\>H 


J  '< 


.    ■  ;.*•      •  < 
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CHLORAL  AND  CHLORAL  HYDRATE 


.*$€ 


1.  Preparations 

Chloral  can  be  prepared  by  passing  Cl3  into  dry  ethanol  or 
acetaldehyde. 

Chloral  hydrate  easily  forms  when  water  is  added  to  chloral, 

2.  Distinction 

Chloral  is  a  colorless  liquid  freezing  at  -57.5  ;  chloral 
hydrate  is  a  crystalline  solid  melting  at  51.7°,   It  has  been  iho 
that  the  water  in  the  hydrate  is  not  held  as  water  of  cry  ste  Hi  ra- 
tion.  Chloral  hydrate  does  not  give  the  Fuchsin  test.   The  two 
compounds  also  differ  strikingly  in  their  behavior  toward  ellphrtic 
ortho  esters  (l). 

Reflux 
CC13CH(0H)3  +  HC(OC2H5)3    ->     CC13CH(0H)0C3H5  +  C3H50H  +  KC03:r:'Tr 

45  min. 

-■• 

Chloral  does  not  react  even  in  the  presence  of  acid  catalysts. 

3.  Reactions 

a.  Oxidation 

HN03 
CC13CH0   ->    CC13C02H 

CC13CH0  °SXXS'    H30  +  01a  +  C03 


sunlight 


b.  Reduction 


Zinc  and  hydrochloric  acid  act  upon  chloral  to  produce 
acetaldehyde  while  the  reactive  metal  alkyls,  such  as  aluminum 
ethyl,  produce  trichloroethanol  in  good  yields  (2). 

The  action  of  the  Grignard  reagent  has  been  extensively 
studied.   With  RMgX  compounds  having  groups  like  CH3-,  C6H5CH3-, 
and  CeHg-  the  main  reaction  1b  addition  to  the  carbonyl  group; 
those  having  the  groups  C6H5(CH3)3-,  C6H5(CH3)3-,  C6H5(CH2 )4~  re- 
duce chloral  to  trichloroethanol  (3). 

The  action  of  aluminum  ethoxide  on  chloral  produces  tri- 
chloroethanol in  84$  yield  (4). 

c .  Polymerl zatlon 

meta-Chloral,  prepared  by  treating  chloral  with  concen- 
trated sulfuric  acid  below  0°,  is  an  insoluble,  amorphous  solid 
of  unknown  constitution.   The  same  reaction  at  25°  produces,  in 
addition  to  meta-chloral ,  a  small  amount  of  a-  and  p-chloral.   Thfse 
are  trimers  and,  presumrbly,  are  isomers  of  the  ci  s-tr.Qng  type  (5). 
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d.  Additions  and  Condensations 

Chloral  has  much  greater  additive  power  than  the  ordinary 
aldehydes.   It  reacts  normally  with  hydrogen  cyanide,  sodium  bi- 
sulfite, ecetic  anhydride,  and  glycols.   Stable  intermediates  cafi 
be  isolated  with  hydroxylemine,  alcohols,  and  semlcarbazide. 

CC13CH0  NH_2>0H   CC13CH(0H)NH0H   ~^?°     CC13C=N0H 

CaH5OH        .   x       CaH5OH        .  , 

CCI3CHO    a->5    CC13CH(0H)0C2HB    a->5    CCl3CH(OC3KB)a 

HaNNHCONH3        .   .  Hot 

CC13CH0       ->      CC13CH(0H)NHNHC0NH3   ->   HOOCCH-NNHCOEHa 

H30 

Ammonia  reacts  with  chloral  to  form  the  stable  chloral 
ammonia,  CC13CH(0H)NH3. 

Phenylhydre.zine  reacts  so  rapidly  that  the  reaction  hae 
been  little  studied.   Halogen  atoms  on  the  phenyl  nucleus  moderate 
the  reaction  (6)» 


NHNH3 


Chloral 
H*0 


RNHM=CHCC13  £*  RN=NCH=CCla  +  HC1 
U  J      H30        I 
N^      HC1         Ac  OH 

RNHN=CHCOOH 


Aliphatic  amides  and  urethans  form  substituted  ethers 
with  chloral  (7)* 

,   N   chloral        ,       .      ,       v   NaOH  CC13CHNHC0R(0R) 
H3NCOR(OR)     ->     CC13CH(0H)NHC0R(0R)    -»        0 

Ac20   CC13C&!!HC0R(0R) 
cc~Hydroxy  acids  form  chloralides. 

,  x  chloral      /0— -CHR 

RCH(OH)COOH     ->     CC13CH    | 

N)— co 

Carbonyl  compounds  containing  active  hydrogen  undergo 
aldol  condensations  with  chloral  (8). 

CH3COCH3     -►     CCl3CH(0H)CHaC0CH3    a-X  4   CC13CH=CHC0CH3 

chlorfll  *         /v 

CH3C0CH3C03C3H5     -►  CH3COCHCOaC8HB  %    CC13CH0  + 

25°  HCOH 

.   6  days  ..   CC13           CH3C0CHaC0aCaH6 

Aromatic  hydrocarbons  and  halobenzenes  react  in  two 
stages  to  produce  diaryl-trichloro-ethanes  (9). 


~3~ 


>C 


^v  /y 


chloral 
shake 


<v   >tjcci3   -*   x<^  i>-?-<^  ^x 


95-100^  H3S04 
25° 


H 


CI 


Benzamides  add  to  form  products  of  the  type 
ArC0NHCH(0H)CCl3.   Functional  groups  in  the  o-position  may  c-u 
formation  of  cyclic  compounds  (10), 


eft 

CH3C-N^  >C0NH3 
H    ^ 


chloral   (x6) 


cone. 

H3S04 

CH3C-N"^  y<!ONH(J-CCl3 
H 


20' 


24  hr. 


L 


CH3C-N 
H 


r^N/    C-CC1. 

J    ! 

vs.  A     NH 


Some  substituents  in  certain  positions  tend  to  inhibit 
condensation. 

Phenols  are  attacked  in  the  opposition  in  the  following 
manner  (11): 


chloral 
vC00H  hydrate 

H3S04 


OH 


cone . 
COOH  HaS04 


HOOC 


V 


Salicylic 
acid 


HC-COla 

OH 


c/  Jil 


If  the  p_-position  is  blocked,  a  similar  condensation  occurs  in  the 
o-position.   However,  certain  substituents  (~NOa,  -COOH)  in  the 
p_-position  prevent  reaction. 

Aniline  (2  moles)  condenses  with  chloral  (1  mole)  upon 
refluxing  to  yield  the  compound  CC1  CH(§-C  H  )  <   A  compound  con- 
taining a  7-membered  ring  is  formed  with  o_,o_'-   diamine  diphenyl. 
The  compound  p_-amino  benzaraide  also  forms  a  cyclic  derivative  (12). 

H 

aN^H 
C-CC13 
I 
NH 


~r.. 
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e.  Miscellaneous  Reactlong 

1.  With  alkeli 

NaOH 
CCI3CHO   -^    CHC13  +  HCOONa. 

2»  With  phosphorus  pentachloride 

PCI  /®\ 

CC13CH0   -^  5   CCl3CHCla  +  CCla=CCla  +  CC13CH  FC13 

Ny' 

,^.  With  dlazomethsne  (13) 

n 

LCC13CHCHJ 


CCl,CHO 


CH8N; 


Et20 


slow      A 

-*   CC13CHCH2 


CHaN3 
CCl3CH(OH)a    -►    CCl3CH(OH)OCH3  - 
A  EtaO  rsv 

'      Fast       A    Fast  ^^ 
CC13CH0    ->    CCl3CHCHa   ^    CC1 

CHaNa  CHaN2 

+  + 

HOH 


CCl3CH(OCH3) 


CHaN; 


CHaNa 
CHaOH    -►    CH30CH3 

A 
Chloral  hydrate  catalyzes  the  formation  of  CCl3CHCHa. 


4,  With  sulfuric  acid 


CClaCHO 


Fuming 
HaS04 

40-50° 


cci3cTh  CHCC13 


g— ( 


5.  With  aliphatic  amines 

RNHa     -► 

chloral 

6.  With  acid  chlorides 


CHC1-  +  RNHCHO 


rcoci    -►   cci3cm 

chloral  N)C0R 


7,    With   aniline   *nd   hydroxy lamine    (14). 


•5- 


^ 


H30 

y^m2   +  CC13CH(0H)3  +  HaNOH    ^    ^^»d-OH-I»QH 

Na8S04    ' 

Boll  2  min. 


fil 


H3FC4 
60-70° 


/^ 


c=o 


V\/ 


H 

8.  With  calcium  carbonate  end  sodium  cyanide 

,   N   NeCN 
CC13CH(0H)3    -*    CHC18G03H 

CaC03 
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MORPHINE  CHEMISTRY 
(Knorr,  Wi eland,  Robinson,  Schopf,  Grewe,  Fieser) 
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Opium  contains  approximately  twenty  alkaloids.   These  opium 
alkaloids  can  be  divided'  into  two  well-defined  groups:   (l)  The 
Papaverine  group,  (2)  The  Morphine  group.  Morphine,  the  most  im- 
portant of  the  opium  alkaloids,  is  the  one  to  which  most  of  the 
physiological  effects  of  opium  are  due.   In  this  seminar,  only 
morphine^  codeine  end  thebaine  (part  of  the  morphine  group)  will 
be  discussed. 

In  1803,  Derosne  (1)  by  extraction  of  opium  with  water  and 
precipitation  of  the  extract  with  potassium  carbonate  obtained  a 
crystalline  substance  which  he  named  salt  of  opium.   Serturner  (?. ) 
of  Elnbeck  in  Hannover  described  the  isolation  of  the  pure  base 
in  1805. 

In  spite  of  the  numerous  attempts  to  interpret  the  enormous 
amount  of  research  on  morphine  in  terms  of  a  structural  formula, 
the  constitutional  problem  of  morphine  must  still  be  regarded  as 
not  completely  solved.  The  two  most  probable  structures  are  given 
below.        10 


Knorr-Horlein  (1907)  as  modi- 
fied by  Wieland  and  Kotake  (1925) 


Gull?nd  and  Robinson  (1925) 


Evidence  for  the  Knorr-Wi eland  formula  and  the  Robinson 
formula  is  summarized  below. 

(1)  Empirical  formula:   C12H1903N 

(p)  Eykman  (?)  and  Von  Klobukow  (4)  (also  confirmed  by  other 
investigators) 

(?)   Morphine  contains  a  phenolic  hydroxyl  group: 

(a)  Morphine   (5)  dissolves  readily  in  alkalies  to  form 
metallic  salts. 

(b)  Morphine  (6)  gives  n  good  ferric  chloride  test  for  phenols, 

(3)  Morphine  contains  an  plcoholic  hydroxyl  group. 

(a)  Morphine  on  gentle  treatment  with  acid  chlorides  or 

anhydrides  suffers  replacement  of  two  hydrogen  atoma  with 
acyl  groups  (heroin). 


ft  ■■*■ 
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(b)  Phosphorus  pentachloride  (7)  pnd  thionyl  chloride  (3)  yteL 
a  chloromorphide  with  the  retention  of  p  phenolic  hydroxy! 
group. 

(c)  Methylrtion  of  morphine  yield p  codeine  with  no  phenolic 
properties.   Excellent  methods  of  methyl  rating  morphine 
pre  described  in  the  patent  literature  (9,10,11). 

(4)  Morphine  contpinp  e   phenrnthrene  nucleus.   The  nitrogen  on 
codeine  and  morphine  is  bound  in  p  ring  rnd  cerriee  >:  methyl 
group. 

(a)  Exhaustive  methylrtion:   The  raethiodide  of  morphine  itself 
cannot  be  degraded  by  the  usual  Hofmrnn  method  because  of 
the  tendency  of  the  quaternary  ammonium  hydroxide  to  for;:. 
8  ohenol-beteine  tyoe  of  compound.   Codeine  methiodide, 
when  boiled  with  dilute  alkali,  yields  a~methylmorphi- 
methine  (ill). 

/CH3 
CH3-N 


CH 


^> 


H^OH 


III 
a -Me thy lraorphime thine 

(b)  The  methohydroxide  (12,1?)  of  III  does  not  bresk  down  in 
the  manner  expected  in  the  normal  course  of  a  Eofmenn  de- 
gradation but  loses  the  entire  nitrogen-containing  side 
chain  ?s   trimethylamine,  ethylene  and  water.   The  other 
product  is  methylmorphenol  (IV). 


IV 
Methylmorphenol 


2*°V 


o 


CH3  'CH3 
V 


^=N 


0CH3  OH 


VI 
Thebaol 


Dlacetylmorohol 

(c)  Diacetylmorphol  (14,15)  (v)  is  formed  when  morphine 
methiodide  or  cc-isomorohine  methiodide  is  heated  with  acetic 
pnhydride. 

(d)  The  high  hydrogen  content  Indicated  that  the  phenrnthrene 
nucleus  in  these  bppep  must  be  oarti-lly  hydrogen'  ted. 
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(5)  The  position  of  the  oxygen  ptome  in  morphine. 

(p)  The  determination  of  the  structure  of  methylmorphol  and 
theboal  (VI)  Dade  certpln  the  position  of  two  of  the 
oxygen  ptome  in  morphine  pnd  of  pll  three  in  thebrlne. 
The  relation  between  thebaine  and  codeinone  (16)  aleo 
wps  known  pnd  conversion  of  the  lptter  to  methylthebaol 
(?,4,6-trimethoxyphenrnthrene )  indicated  the  location  of 
sll  the  oxygen  atoms  in  morphine. 


(6)  The  pttechment  of  the  nitrogen  atoffl  ti 
nucleus. 


the  phenanthrene 


(a)  Pschorr,  Pfpff  end  Herrschmpnn  (17)  proved  that  the 
ethanpmine  chein  could  not  be  attached  to  the  nucleus 
through  oxygen. 

(b)  Knorr  and  Pschorr  (18)  concluded  in  1905  that  the  three 
morphine  alkaloids  are  derivatives  of  3,6-dihydroxyphen;  n- 
thylene  oxide  in  which  an  ethanamine  chain  (CHa-CH2-N-CH3 ) 
is  attached  to  a  partially  reduced  aromatic  ring.    I 

(c)  1.  By  degradation  of  hydroxycodeine,  Knorr  (19,20)  was 

able  to  show  that  the  ethamine  ch-^in  is  linked  through 
nitrogen  to  one  of  the  hydrogenated  bridge  carbon 
atoms,  C  (9)  or  C  ('10 ). 


Ho  OH   tCH3 

— if-         OH 

6h3 

VII 


VIII 


V 


CH. 


IX 


,K 


/CH3 


H^  P  p" 


2.  Treptment  ?f  the  methine  bpse,  obtained  in  the  first 
Btep  of  the  Hofmann  degradation  of  hydroxycodeine 
methiodide,  with  acetic  anhydride  produces  a  methoxy- 
diacetoxyphenanthrene.   This  latter  compound  war-  con- 
verted to  the  known  ?-methoxy-4-acetoxy-9l10-ohen^n- 
threnequihone  (X). 


0  0 


One  acetyl  group  (21)  disappeared  in  quinone  formation 
hence  it  (and  the  hydroxyl  of  hyc roxycodeine  whirh  it 
represents)  must  have  been  located  on  C-9  or  f-OO* 
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(7)  A  study  of  the  Isomeric  codeines  caused  Knorr  (20)  to  propose 
the  following  formula  (XI)  which  dominated  for  nearly  20 
years  the  theory  of  morphine  structure. 


I-CH. 


Ha  5K6h, 


H  OH 


CH. 


^CH. 


XI 


XII 


OOfe  6~CHa-CHa  °o 
XIII 


Knorr-Horlein,  1907 


(8)  Further  studies  on  the  attachment 
ring  to  the  ohenanthrene  nucleus. 


of  the  nitrogen-containing 


(a)  Wlelend  (22,23)  advanced  the  following  argument  for  locat- 
ing the  nitrogen  ring  on  C-5  in  ring  C  in  the  phenanthrene 
nucleus.   The  ketone  (XII)  was  prepared  from  tetrahydro- 
methylmorphimethine  or  from  dehydrothebaine  by  methods 
which,  presumably,  do  not  ceuse  e   shift  in  the  side  chain, 
The  ketone  could  be  degraded  to  thebenone  (XIII),  show- 
lng  that  the  side  chain  must  be  in  a.  position  favorable 
for  ring  closure  with  the  phenolic  hydroxyl  ft  C-4  (I.e., 
it  must  be  on  C-13  or  C-5). 

However,  the  ketone  (XII)  yielded  only  one  condensation 
product  with  benzaldehyde  or  piperonal,  as  die  thebenone. 
If  the  side  chain  is  attached  to  C-13,  the  presence  of 
two  active  methylene  groups  adjacent  to  the  cprb^nyl  group 
should  make  possible  formation  of  more  than  one  such  con- 
densation products. 

(9)  The  double  bond  in  ring  C  was  pieced  between  C-7  and  C-8.   This 
clarified  the  relationship  of  the  isomeric  Bie thy Imorphlme thine s. 

The  chance  from  cc-methylmorohlmethine  (XIV)  to  p-me thylmorohi- 
methine  (XV )  consists  solely  of  a  shift  of  the  double  bond  to 
a  position  of  conjugation,   from  C-7, 8  to  C-8, 14. 


N-CH3 
i 

CHS 

<C  CHg i  >-H3 

-  O^H  H  OH 
XVI 


XV 
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(10)  The  Robinson  Formula 

(a)  Speculation  in  regard  to  the  product 8  from  m^ny  degrsda- 
tive  orocess  led  Robinson  (24)  to  oropose  a  new  formula 
(XVI.)   for  codeine  in  1923,   However,  Gullsnd  end 
Robinson  (25)  showed  thf t  hydroxycodeinone  did  not  con- 
tain the  group  (~qz~c#  -)   but  that  dehydrohydroxycodeinono 
did.   These  facts  are  best  explained  by  the  ;resence  of 
the  arrangement  -Cf2cH=C-C~  in  hydroxycodeinone.   It  fol- 
lows that  codeine  would  contain  the  system  -CK-CK=CH~CH — 

OH 
and  not  the  bridge  linkage  previously  -oropoeed  in  XVI. 
This  is  in  better  accord  with  the  ease  of  hydrogens ti  m    )f 
codeine  an^  its  addition  of  two  hydroxy  1  groups  with  per- 
manganate in  the  manner  of  a  substance  containing  an 
ethylenic  bond.  Therefore,  codeine  was  assigned  formula 
XVIII. 


s: 


N-CH3 


V-lfe> 


XVII 
Hydroxycodeinone 

(11)   The   experiment s   of   Schopf, 


XVIII 
Codeine 
(Gulland-Robinson,    1925) 


(a)  According  to  Schoof's  (26)  speculation,  the  Robinson 

formula  is  capable  of  explaining  in  a  reasonable  wry  the 
remarkable  changes  of  thebaine  or  codeinone  to  morpho- 
thebaine  (XIX),  and  of  morphine  to  aoomorphine  (XX). 


(A) 


Codeinone 


Thebaine 


fuming 
HC1 


<?H3 

H  K/"CF^ 


OH 
XIX 
Morohothebaine 


H  H  OH 

5 


Morohine 


strong 
acid 


?K3 
N-CH. 


OH  OH 

XX 

Apomorphine 


L;i:-r/i  -  '.    •/-.••j 


>;;.| 


■-     •       :l 


.'•  r 

.    C-     '       '  '• 

. ..  »  .-„.. , , . 


~6- 


4C 


'clro« 


Reaction  A  Is  assumed  to  take  place  through  hydrolysis 
of  the  enol  ether  group  of  thebaine,  and  addition  of  hy 
gen  chloride  to  the  8,14-double  linkage  followed  by  s 
rearrangement,  whereby  the  ethenamlne  chain  shifts  from 
C-13  to  C-14.   The  tendency  of  ring  III  or  C  to  become 
aromatic  on  heating  with  concentrated  hydrochloric  acid 
forces  a  further  shift  of  the  side  chain  from  C-13  to 
C~8,  resulting  in  morohothebalne.   The  formation  of  p.po- 
morphine  (XX)  (reaction  B)  also  is  explained  in  a  similar 
manner.   The  first  step,  loss  of  water  from  ring  III 
(ring  C)  of  morphine,  results  in  two  conjugated  double 
linkages,  and  the  tendency  for  arornatization  is  then 
strong  enough  to  cause  a  shift  of  the  side  chain  from 
C-l?  to  C-8. 

(b)  schopf  (27)  sought  to  obtain  direct  evidence  for  the 

location  of  the  ethanamine  chain  by  subjecting  dfhydro- 
codeinone  (XXI  or  XXII )  oxime  to  a  Beckman  rearrangement. 
If  the  Robinson  formula  is  correct  the  Isooxime  result- 
ing must  be  an  aldehyde  (XXIV)  where? s  if  the  Knorr- 
Wieland  formula  is  correct  a  ketone  must  be  obtained 
(XXIII). 


rN-CH3 
H_3^/  CH. 


CH,  9H* 


6n" 


K,  Hy 


/  i 


N-CH3 


CH; 


"CH2yH2 


0CHn  OH 


XXIV 

Neither  the  lsooxime  Itself  nor  its  methyl  ether  yielded 
the  desired  proof,  rnd   only  after  a  long  series  of  trans- 
formations could  the  conclusion  be  drawn  that  the  lso- 
oxime must  have  an  aldehyde  structure  as  in  the  Robinson 
formula . 


The  formula  of  Gulland  and  Robin ron,  while  as  yet  not 
established  beyond  dispute,  probably  recounts  best  for 
the  complicated  prray  of  evidence  accumulated  in  the 
field  of  morphine  chemistry. 
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B.    Synthesis  Which  Might  Lead  to  a  Morphine  Ring  System 

The  fundamental  morphine  nucleus  (XXV)  has  not  yet  been  s 

theeized;  however,  partially  hydrog 
eted  phenrnthrene  derivatives  with 
stituents  at  the  9  and  1?  crrbon  at 
have  been  prepared  with  the  obvious 
of  synthesizing  the  morphine  ring  s 
ture.   It  should  be  possible  to  eyn 
thesize  system  XXV  from  9-13  substi 
derivatives  provided  thrt  one  of  th 
groups  contains  nitrogen,  pnd  provi 
thrt  the  two  groups  can  undergo  ring 
closure. 
XXV 

Rudolph  Grewe,  a  former  student  of  Wieland.  now  pt  the  Univer- 
sity of  G-ottingen,  has  synthesized  several  9-13  substituted  par- 
tially hydrogenated.  phenanthrene  derivatives  (28-32).   A  typical 
synthesis  1*  thp t  of* 13-methyl-6,7,8,9,10J13,14-octahydrophenan- 
threne-9-c?rboxylic  acid  (XXVI)  (29). 


yn- 

en- 

sub- 

orae 

• 

in  ten 

t 

truc- 

tuted 

e 

ded 

1-    <^J^>OH8CH(COsEt)2  +   Cl<^       ^> 


<?      ^ 


CHa-CH 


saponified 
then   150°   in  vac. 


Reformat  sky 
BrCH2C00Et 


coohSL-v       c3h5oh 

K 

yC02Et 


dil.    NaOH 


'/    v 


!OOH 


CH-COOH 

C00H>J v  quinoline 

CH-C-<           >  -*       _ 

H    N S  Cu   -   200° 


V^ 


SN 


KJOOH     H3P04 


( 

I 

I 


1,7,0° 
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48 


2.  A  second  and  more  satisfactory  scheme  for  XXVI  (?2)  Is  outline:1 
below. 

KOH  .     .    Br„                  190° 

PhCH2CH(C02Et)2   -*  PhCH2CH(C02H)3   ->a  PhCHaCBr(COaH)a   ™ 


100' 
CH. 


PhCH2CHBrCOOH  + 


\y 


Reforms t sky 

45# 


..J]   i'0*     90° 

V   /  \flo   71#  yield 


\/ 


>CK3 

i 


^ 

N 


C02Et  hyd. 
— > 


w 


\ 


CH 


CH3 


>COOH 


X 


XXVI 


/ 


In  this  9~methyl-13~crrboxy  derivative  (XXVI),  Grewe  succeeded 
in  replacing  the  carboxy  group  with  an  amine  ^roup  (32). 


COOH 


ok 


Curtius 

e>of 


V 


Attempts  to  substitute  polar  groups  for  the  methyl  n?oup  pt 
C13  lee)  exclusively  to  1-subetituted  phenanthrene  derivatives  ac- 
cording to  scheme  B  (30). 


N 


A^ 


B 


R 


V 


V*  A« 


V 


XXVII 


XXVIII 


XXVII  was  synthesized  where  R  is  ~CHaCHaN(CHa  )a  and  ~CK2C00lJ 
by  a  scheme  analogous  to  that  describee',  below  to  prepsre  compound 
XXX   (30,31). 
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A  very  interesting   synthesis   involving   the   non-polar   allyl 
group   led   to   the  9-acetsldehyd  e   derivative    (XXX)    (31). 


V 


C02R  CH=CHCH3Br 
Na~Xylene 


XX 


ellyl 
0aR 


BaJOH). 

steam  distill 


CH2CH=CH2  +  ho-G~(CHs)4C-COOH 


^Hyl   to  ester 


XIX 


b0% 
XIX 


residue 
50^ 


Dieckman  good  yields 
Ba(0H)3 


0CH2CH2MgBr 
57f 


XXX 


Fieser  and  Holmes  (33)  have  developed  r  rather  general  method 
for  the  preparation  of  13-carboxyoctahydrophen.^nthrene  derivatives 
(XXXI)  in  which  ring-  A  can  be  substituted.   Speyer  and  Kouler  (34) 


0 
CH3 


sN 


^v^N 


CH 


CH; 


3   \ 


CH3N(CH3) 


XXXI 


XXXII 


I 


0  >  y  i 

CH3   0  C001! 

cn3  "  i  ) 

XXXI II 


had  obtained,  ee  the  methoide,  a  substance  with  a  probable  ctruc 
ture  of  XXXII.  Fieser  and  Holmes  succeeded  in  synthesizing  «r5,i- 
dimethoxy-5,6,7l8,9,10>13,14-octahydrophenanthrene-l.r— carbovyiic 
acid  ( XXXIII). 


CHs0 
CHa0 


ii     +  I    > 
U  A        CH2-C0 


CH2-C0   2  steos 


MeOfVs 


MeO 


■CHaOHaCHaCOOK 


Br  a 

-  -> 


V 


^ 


83#  yirlds 
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MeOf^    y(CH2)3C00H     oxallc__ester     MeO/ 


Meo/XV(CH2)3C-COOH     *J#JW*4        Meo/ 
MeO\J  °  55^  yields     Mef' 


C08R 

'(CH2)2CH-C~C02R      18$  _K?S0* 

90<   yii  lc!{ 


2  mo  lee  butadiene 
— > 

18#  yield 


7  Of 


Pd-BaS04 


NaOAC  As,   >v    >v 

Sit  yield        0^V6SlT     1 
Me      0 
Me 


XXXIII 

Attempts  to  build  up  the  side  chain  in  XXXIII  and  eeverel  re- 
la  ted  compounds  have  failed;  however,  the  acid  group  was  success- 
fully reduced,  in  yields  of  about  70%  to  the  corresponding  hydroxy- 
methyl  compounds  of  the  type  XXXIV.   Treatment  of  the  ecetste 

(prepared  in  80#  yields)  with 
phosphorus  pentachloride  gave  the 
//^\  RCH2C1  derivatives,  but  all  at- 

tempts to  convert  the  chloride 
to  the  nitrile  failed. 

CHiOH 
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THE  SULFUR  ISOMERISM  OF  ORGANIC  SULFIDES 
AMD  CERTAIN  OF  THEIR  DERIVATIVES 


In  1894  Henriquee  observed  that  the  compound  2, 2 !-dihv  'nxy- 
di-a-nephthyl  sulfide  (a-naphthol  sulfide)  existed  in  two  f^r^s 
which  he  thought  might  be  els  and  trrns  forms  of  the  type  indi- 
cated below. 
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[01  A  U„A  A      Zn  +  AcOH 
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neb erg  postulated  that  the  origin  of  this  ieo- 
n  the  sulfur  atom  itself.   In  a  s tries  *f  papers 
916  to  1920  he  proposed  and  developed,  his  "valence 
is  which  states  that  the  elements  of  group  V  to 
die  table  posess  multiple  "valence  centers,"  and 
this  hypothesis  he  claimed  to  be  able  to  cor- 
in  certain  hitherto  obscure  aspects  of  the  cnem- 
lements.   The  hypothesis  was  related  to  the 
s  of  the  Rutherford-Bohr  atom  by  the  postulate 
e  valence  centers  of  the  atom  correspond  to 

atomic  nuclei,  each  of  which  controls  a  certain 
e  electrons. 


As  aoolied  to  the  type  of  isomerism  indicated  above,  the 
hypothesis  states  that  the  sulfur  atom  contains  two  of  these 
valence  centers  end   that,  just  as  the  valence  bone's  of  the  carbon 

sd 


atom  are  directed  toward  the  corners  of  a 
the  valence  bon^s  of  the  sulfur  atom  are 
corners  of  an  elongated  triangular  prism", 


regular  tetrahedron, 
;lrected  toward  the 


•-#-. 


/ 

'  --'a 

c 


I  I 


."ll  1 


Hinsberg  cites  the  hypothesis  f-e   applicable  to  the  explans 
tion  of  the  close  similarity  betwaen  benzene  and  thiophene,  in 
which  a  sulfur  atom  replaces  a  vinyl  group. 
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ll.J 
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^CH        H 

CH        .  > 
SCH^ 
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i'S 


H 


CH 


benzene 


■CH^ 
thiophene 


According   to    the  hypothesis,    the   isomerism   of    sulfides, 
sulfoxides,    ene?    sulfones  is  representee!   as  follows: 


S 

R^ 

[£] 

[O] 

s 

a~sulflde 

a~sulf  oxide 

a-sulf one 

s 

t 

R   R 

s 

V 

h 

p-pulfiae 

p-eulf oxide 

p-sulf one 

In   1923,    Lesser  end.   Gad    stater1   th?t   the  isomerism   of   the 
p-npnhthol    sulfide  mentioned,  previously- might  be    explainer!    struc- 
turally pnd   thpt   the   assumption    of   ?    special    sulfur   Isomerism  wps 

unnecessary.      They  assumed   the   normal    structure   for   the   normal   or 
a-sulf  id  e   and    the   following   structure   for   the    p-sulfid.e; 


W 


Hinsberg  then  pointer1  out  th^t  while  the  isomerism  of  the 
sulfide  itself  could  be  explained  in  this  way,  thet  of  certain  of 
its  derivatives  (namely  the  two  nrnhthothioxins  of  Nolen  and  Smiles 
could  not. 


•^ 


p-neohthol   sulfide 


P0C1; 
-H.0 


S\ 


WW 


naohthothioxin     m.p«    166° 


" 
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P0C13 

iso-p-nsohthol    sulfide         — »         is3-nnr>hthothioxin 

-H20       m.p.  152° 

A  mixture  of  these  two  compounds  melted  at  120°. 

In  a  series  of  oapere  published  from  1929  through  19.37, 
Hlnsberg  examinee1  the  sulfur  Isomerism  of  several  simple,  unsub- 
stltuted  aryl,  alkyl  and  aralkyl  sulfides. 

He  found  that,  in  general,  if  a  sulfide  was  heated  with  per- 
chloric acid,  a.  sulfonium  perchlorate  was  formed  which  was  decom- 
posed by  heating  with  alkali  with  the  formation  of  an  Isomeric  sul- 
fide differing  from  the  original  in  chemical  and  physical  properties 


I.  Phenyl  sulfide 

70$  HC104 


CcHc  — 


QC103 


H   KOAc 


CeHc  — 


(CeH5  )2S  ^6n5- 

CH3~CH2-C00H         N — /h   MeOK 

boil  ^ 

a-phenyl-  p-  (and  a-)  sul-       p-  (and  a-)  sul- 

6ulfide  fonium  perchlor-       fonium  hydroxide 

b.p.  287C«V  ate  i 

distil  KOH 


HoO 


a-phenyl 
sulfone 
m.p.  128° 


3^3 


a~phenyl 
sulfoxide 
m.p.  70.5°  t± 

MeOH 
H303 


MeOH 
boil 


\  C  e  K  5  J  2  S 

p-pnenyl  sulfide 
b.p.  315-320° 


w 


Ha0 


3ua 


(^6^5  )  2S 


s 


ocio. 


/CH3 
(CfiH5 )2S 

X0C103 


p-phenyl  sulfoxide 
liquid  at  room  temp. 


cc-dlphenyl-     p-dlphenylmethyl- 
methylsulfonium  sulfonium  per- 
perchlorete     chlorate 

liquid  at  room 

temp. 

m.p.  <-10° 


HpO 


v 


3^3 


m.p.  76' 


p-phenyl  sulfone 
m.p.  81° 


p-phenyl  sulfide 


350© 


CflH5-S"*CpH4-S-CpHs 


phenylenediphenyl- 
di sulfide 
m.p.  80° 

H202 
p-diphenyl  sulfonium  perchlorate   — > 

Ac  OH 
Ac20 


H90 


3W3 


9 


9 


C  ph.5  —  §— Cp  114  —  5— C 

6 
sulfone 
m.p.  229° 


0-0 
p-C«H5^f 


P-C6H5-S-C6H5 


.  ■' 


■      ■: 
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H303 
cc-diphenyl    eulfonium  perchlorate         — ►      no   change 


a-*C6KB— S*"C6H5 


p-C6H5-S-C6H5 


Ac  OH 

ACgO 


70??   HC10, 
boil 


n- 


Icsh5v<^"x! 

CC10V=^/  HJ 


KOK 
MeOH 


HCio^ro] 

[2 


— r 

-H 


^  fl  n  5 


9-9 


C«fc 


p~diphenyl 
sulfone 

oxide 

m.p.    120-122° 


II.    n-Butyl   Sulfide 
a-n-butyl   sulfide 


5°f70^ 
HC104 

no   change 


70#  HC104 


H 
p~C 4H9-§~0 4H9 

3 


CIO. 


KOH 

MeOH 
— ►        p-n-butyl   sul'fid 

25°  y     /     V 


^  25° (cone. 
/  H8S04 


no   change 


4 

salt    (?) 
yellow 

color 


HCIO4 

p-eulfide 
perchlor- 
ate 


cx-n-butyl    sulfone 


m.p.    44° 


III.  Benzyl  Sulfide 

KCIO4 


a~(CfiH5~CH2)2S 
m.p.  49° 


100 


p-[(CflHB-CHa)3S]8-HCl04  + 


25° 
(few 
hours ) 


CH3COOH 


MeOK 
boil 


boil 


IC  g  ri  5  "*C  H  g  **  S*"*  S*1*  Grl  g  *■  C  p  *3  g 

[C^H5-CK2~Ch  2-Cr,H5 


p-acetate 


NaCl 


H20 
MeOH 


p-hydro chloride 


-HC1 


\/ 


(long  standing) 


p-(C6H5~CH2)2S  4- 
oil 


MeOH 
KOH 


boil 


MeOH 
KOH 


* 
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MeOH 

KOH 

o 


P~C6H5~CH-S-SH2-C6H5 

I  25 

C6H5-CH2        (several  d?ys) 
oil 


G-C6H5-CH-S-CH2-C6H5 
C,H5~iK2 

m.p.  64° 


Ac20 


Ha0 


2^2 


vj' 


p-CeHB-CH-A-CH3-CsH8 
CeliB-C}i20 
m.p.    122° 

IV.    Isobutyl   sulfide 

rcH3\  70^  HC104 

CH~CH2)2S  -> 

100° 


VCH; 

S 

i 

lov 

temp. 

HC104 

> 

/ 

no   clr 

lange 

Ac20 


H80a 


a-C6H5-CH-S-CK2-C«H 


CfiHs-CH^ 
m.p.    157° 


eAi5 


j3~(lsobutyl    sulfide )2«HC10, 
decornp.    l-i3° 

4» 


.  SieOH 

( standj 


low  "temp. 


,S1 


AoOH  H,Oa 


a-isobutyl    sulfone 
m.p.    17° 


Do  11      but.  1 
sul- 
fide 
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VINYLAMINES 

The  vinylaminee  discussed  in  this  seminar  will  be  of  the 
general  type: 

Arv   /A4 

C=C-N 
k/     A3  Nvs 

where  Ai,  A2,  and  A3  are  alkyl,  aryl,  halogen,  ether,  or  H;  and 
A*  and  As  ere  alkyl,  aryl,  acyl,  or  H.   The  vinylamine  derivatives 
will  be  discussed  in  the  order  of  increasing  number  of  substituents. 
The  preparation  of  the  simplest  member  of  this  series,  vinylamine 
itself,  was  reported  by  Gabriel  (1)  who  subjected  bromoethylamine 
to  dehydrohalogenatlon.   This  base  was  shown  later  (2,3)  to  be 
dimethyleneimine,  a  cyclic  lmine. 

One  Substltuent 

Only  two  compounds  of  this  type  have  been  reported,  propylene- 
amine  (4)  and  N-methylvinyla.mine  (5) J  these  two  compounds  alec 
were  proven  to  have  the  cyclic  imine  structure. 

Two  Substituents 

These  types  are  the  simplest  of  the  substituted  vinylar^lnes 
and  are  relatively  stable.  N,N-Dime\:hylvinylamine  was  reported 
synthesized  by  Meyer  and  Hopff  (6)  by  the  dry  distillation  of 
neurine  chloride  (CH2=CH-N(CH3 )3+Cl")o   This  amine  is  stable  for 
©  few  hours  under  ordinary  conditions,  but  it  soon  polymerizes 
to  a  hard,  white  mass.   In  the  presence  of  acids  N,N~dimethyl~ 
vinylamine  easily  decomposes  into  acetaldehyde  and  dimethylamine . 

N,N~Dlarylvinylemines  have  been  prepared  by  a  patented 
process  (7)  which  involves  the  treatment  of  dlarylamines  with 
acetylene  at  temperatures  between  100°  and  200°C.  and  pressures 
between  20  and  25  atmospheres  in  the  presence  of  a  strong  basic 
cat8lyst«  For  example,  N,N-diphenylvlnylamine  has  been  prepared 
by  this  method. 

The  first  report  of  a  disubstituted  vinylamine  with  no  sub- 
stituents on  the  N-  atom  was  made  by  Krabbe  and  Schmidt  (fl) 
These  workers  synthesized  diphenylvinylamine  as  follows: 

C6H*\  (C02Et)2  C6H6^       0  0      Cl~8-8-OEt 

C~CH2-NH2      *-►  "       5~CH2-N-ft-C-0Et       -^ 
CsHb^OH  CeHB^OH    H 

I 

CbHb 


J:=ch-nh2 


II 

Two  other  methods  to  prepare  II  were  later  described  by  Krabb^: 
(a)  treatment  of  the  ^minocarbinol  I  with  concentrated  sulfuric 
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;-'  •'   ■■  X      "■)  ->  '?.  Ok   . 


~.  r  - 


:y  (■■  ...',-     '..'. 


\  ■>      f 


.:  >"s      r\ 
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acid  (8);  and  (b)  treatment  of  diphenylacetaldehyde 
In  methyl  alcohol  at  0°C.  (93?)  (15).  Diphenylvinyl 
If  stable  enough  to  recryetallize,  but  decomposition 
Apparently  a  molecule  of  ammonia  from  two  molecules 
is  eliminated  to  give  an  unsaturated  secondary  amine 
[ (C6HS )2C=CH}2NH.  Acids  greatly  accelerate  this  dec 
The  ethylenlc  linkage  in  II  behaves  in  a  peculiar  ma 
phenylvlnylamine  does  not  add  bromine,  and  it  is  not 
by  basic  potassium  permanganate  solution  with  any  de 
rapidity.  Krabbe  proposed  the  enamine  structure  (II 
basis  of  molecular  refraction  measurements  ~nd  ozono 
perlmente* 


with  ammonia 
amine  (II) 

soon  occurs 
of  the  amine 

ompositlon. 

nner.  Di- 
et tacked 
ree  of 
on  the 

lysis  ex- 
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Three  ^ubstltuents 

A  general  method  to  prepare  N,N~disubstituted  vinylamines 
where  A3  is  aryl  and  A*  and  A5  can  be  either  ^ryl  or  alkyl,  has 
been  reported  by  Hoch  (9). 

. QH3 

CHds   JPCaHB  t  ^0Ha  CH^    il-C6H5 

C6lif       0C2H5 


C«H 


/S 


+   CoH=0H 


OC2Hs 


m 


CHjHv^pCgHa 
C6H5X       R 


/ 


■CH. 


J\ 


CeH 


CH2=C~N     +  C2H50H 
C6H5C6H5 


This  reaction  is  general  for  the  dlethylketals  of  acetophenone  and 
substituted  acetophenones  with  aliphatic,  a rylaliphatic,  or  cyclic 
secondary  amines.   These  vinylamines  are  easily  decomposed  by  acids 
into  the  corresponding  ketone  and  secondary  amine. 

Trisubstituted  vinylamine  derivatives  were  obtained  by  Krabbe 
as  intermediates  in  the  synthesis  of  isoquinoline  derivatives  (10). 


'^jVC~NH~CH2~C~ 


OH 


C6H5MgBr   f^^VC-NH-6 


0ECfiH 


6"B 


6^5 


Ps05 
-H20 


L  f 


/C6H5 


•NHCH=C 


XC«H 


6"5 


•Hsp 


96^5 


N 


w 


The  amount  of  vinylamine  formed  was  dependent  upon  the  amount  of 
phosphorus  pentoxide  used  and  other  conditions  of  the  reaction; 
hence  this  method  was  rather  unreliable  in  a  preparative  sense. 
An  improved  method  was  found  which  employed  the  dry  distillation 
of  a  corresponding  aminocerbinol. 
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Mannich  and  Devidsen  (11)  have  prepared  tertiary  vinylamines 
by  the  following  novel  method. 

/CHa 
N 
/  NDHsCeH.s    distil 
C6H9CHO  +  C6H5CH3NHCH3    -►    C6H5CH2-CH  -► 


K3C03 


\  /CH3 

CH2CeH5 


reduced 
pressure 


/CH3 
C6H5CH=CH-N         +  CH3NHCH3C6H5 
^■CH2C6HS 

This  reaction  is  reported  to  be  general  for  most  aldehydes  and 
secondary  amines. 

Some  chloroeubstituted  vinylaminee  have  been  prepared  by 
Deodhar  (12)  by  the  reduction  of  chloralscyl  chlorides  and  sub- 
seauent  reaction  with  dry  ammonia  and  sodium  sulfate. 


51  §   2      reduce  Civ 
C1-C-- g-0~C-CH3     ->       C=C 

CI  Cl^  H 


-o-t 


CHS 


u 


dry  NH3 
Na3S04 


Civ         C6HB-C- 

C=CH-NH3      -► 
CI''  NaOH 


CI  Civ 


ci/ 


C=CH-NH-C-C6H5 


IV 


The  benzoyl  derivative  (IV),  however,  was  unstable  and  resinified 
in  a  short  time. 


Krabbe  and  coworkers  (13)  have  attempted  to  distinguish  be- 
tween the  lmldo  and  the  enamine  forms  of  some  unsubstituted  amines 
by  ozonization  experiments.   The  imido  form  of  methylphenylvinyl- 
amine  (V)  was  prepared  and  its  ozonization  product  Identified. 
The  imido  form  then  was  converted  to  the  N~benzoyl  methylphenyl- 
vjr.ylamine  (VI),  the  enamine  form,  and  identified  by  its  ozonolysis 
products.  n 

C6HE-CH-CH0   -►    C6H5-QH-CH=NH  C*Ej£C1      C6H5g=CKNHCCPH5 
CH. 


MeOH 
NH, 


:h. 


ch. 


V 


0. 


\/ 


VI 


0. 


C6H5-CH-CH0 
Un3 


c6H5-g=o  +  C6H5 

CH3 


CNH 


KCHO 


Additional  evidence  for  the  existence  of  imido  and  enamine  forms 
was  supplied  by  Raman  spectra  measurements  on  these  compounds  and 
numerous  other  compounds  with  known  similar  structure. 
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Besiclty  studies  on  eorae  tertinry  vinylemines  have  been  made 
in  this  laboratory  by  Adams  and  Mehen  (14).   These  workers  con- 
cluded that  the  tertiary  vinyleraines  studied  were  more  basic 
than  the  corresponding  saturated  compounds-   In  order  to  explain 
this  increased  basicity  an  equilibrium  was  suggested  between  the 
vlnylamlne  and  a.  hydration  product,  the  corresponding  quaternary 
hydroxide,  In  aqueous  solution. 


+  H30 


I 

CH. 


SH3 


The  quaternary  ammonium  hydroxides  are  known  to  exceed  all 
tertiary  amines  in  basic  strength. 

Four  end  Five  Substituents 

These  vlnylamine  derivatives  may  be  prepared  by  the  same 
general  procedures  discussed  previously.   Their  properties  are 
in  general  the  same  as  the  N-substituted,  trisubstituted  vinyl- 
amines.  An  Interesting  tetrasubstituted  chloro  derivative  has 
been  prepared  by  the  action  of  dichloroacetylene  on  diethyl- 
amine  (15). 


HN      +  C3C12 


V 


CI  CI  /02H5 


CaH 


V 


3"B 


CaH 


S"5 


This  compound  decomposes  in  air,  but  is  stable  for  some  time  if 
stored  under  C03  or  ether - 
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THE  DIELS-ALDER  REACTION  VITH  CYCLOOLEFINS 


The  usual  philodienic  component  in  the  Diels-Alder  reac- 
tion is  an  a, p-unsaturated  carbonyl  compound.   Other  groups 
which  promote  resonance  (C=N,  C6H5J  etc.)  also  serve  to  activate 
an  ethylenic  or  acetylenic  bond  bo  that  it  may  undergo  the 
Diels-Alder  reaction. 

Simple  olefinic  hydrocarbons  have  not  been  known  to  con- 
dense readily  with  dienes.   It  was  known,  however,  that  bi- 
cyclo  [2.2.1]-2-heptene  derivatives  react  with  1,3-dienes  to 
form  the  tricyclic  derivatives. 


IHR 


R-( 


R-a 

^CHR 


This  reaction  was  considered  a  special  case  attributable 
to  exceptional  reactivity  of  the  double-bond  due  to  strain  in 
the  ring  system. 

Joshel  and  Butz  recently  have  demonstrated  that  ethylene 
could  react  with  butadiene  or  2, 3-dimethylbutadiene  to  give 
the  corresponding  cyclohexenes.   These  reactions  took  piece 
only  under  drastic  conditions.   Since  cyclohexenes  are  ob- 
tained as  a  reaction  product  it  is  indicated  tha t  other  cyclt- 
b'lefins  would  not  undergo  the  Diels-Alder  reaction. 

Bergmann  and  Weizmann,  in##  attempting  to  prepare  some  aro- 
matic hydrocarbons,  used  cycloolefins  in  a  Diels-Alder  reaction. 
This  was  done  to  avoid  using  other  olefins  which  contained 
carbonyl  groups  and  gpwe   ouinone  adducts  which  could,  be  con- 
verted to  hydrocarbons. 


Bergmann  and  Eschinazl  showed  that  bicyclohexenyl  reacted 
with  maleic  anhydride  and  trans-clnnamlc  acid  in  good  yields. 
This  indicates  timt  this  diene  is  oult^  repctive  towards  philo- 
dienes.   The  diene  was  treated  with  cyclohexene,  1-methylcyclo- 
hexene,  and  4-methyl-l, 2-dihydronaphthalene  under  various  con- 
ditions without  success.   However,  1-methylcyclopentene  ^pve 
a  positive  result.   It  yielded  ^n  adduct  which  was  dehydrogtn- 
ated  to  9,10-cyclopenteneophenanthrene. 
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Bechmenn  pnd  Kloetzel  hpd  isolated  this  latter  compound 
by  the  cycllzptlon  of  p-(lO-phenpnthryl )-propionyl  chloride 
with  plumlnum  chloride  In  nitrobenzene  to  1  f~keto-9, 10-cycio- 
pentenophenanthrene  followed  by  reduction  to  9, 10-cyclopenteno 
phenpnthrene. 

Bergmpn  found  thpt  indene  pnd  1,3-dlmethyllndene  repct 
with  blcyclohexenyl  to  give  adducts  which  cpn  be  dehydrogen- 
pted  repdily. 


^ 


Se 


/%/ V 


\f 


Other  dienes  besides  blcyclohexenyl  failed  to  give  a  re- 
action with  cyclohexenes.  Among  the  dienes  tried  were  2~iso- 
propenylnpphthalene  and  2-(l, 2-dimethylvinyl )-naphthalene. 

This  unreactiveness  of  cyclohexenes  ps  compared  to  the 
activity  of  cyclopentenes  in  the  Diels-Alder  reaction,  is 
similar  to  the  differences  observed  when  either  cycle  belongs 
to  p  butpdienic  system  in  which  one  double-bond  forms  pprt  of 
the  aromatic  nucleus.   Thus  Bachmann  pnd  Kloetzel  found  that 
l-(a~naphthyl )-cyclopentene~l  and  maleic  anhydride  gave  a  mix- 
ture of  U,4-cyclopentano-l,2, 3,10-Kx-tetrahydrophenenthrene- 
1,2-dicarboxyllc  acid  and  the  corresponding  acid  anhydride. 


CH-cr 

^0 


l~(a-naphthyl )-l-Cyclohexene  will  not  undergo  the  above 
reaction.   9-Cycloalkenylphenpnthrenes  showed  the  same  differ- 
ence in  reactivity  toward  mrleic  anhydride. 

There  are  other  instances  which  show  that  differences 
exist  between  cyclohexenyl  or  cyclopentenyl  derivatives. 
Dieckmann  has  shown  that  ethyl  cyclopentanone~2~cs£boxyl,r'te  is 
in  equilibrium  with  4.5^  of  its  enol  form  while  ethyl  cyclo- 
hexanone-2-crrboxyla te  contains  ^bout  76%   of  enol. 


t>' 
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Bergmann  explains  the  difference  in  reactivity  cf  the  cycle- 
pentenes  and  cyclopenta.nee  ss  due  to  differences  in  strrin. 
The  cyclopentane  ring  is  nerrly  coplsnsr  and  he s  but  little 
strain  but  the  cyclopentene  ring  is  formed  with  some  strain. 
Both  the  cyclohexane  and  cyclohexene  ring  are  practically  strain- 
less.   This  would  cuase  the  cyclopentene  ring  to  p?ss  very 
readily  to  the  cyclopentane  ring  structure  while  the  opposite 
is  true  of  cyclohexene  rings.   This  difference  of  ring  stability 
is  an  indication  of  the  ease  with  which  the  two  cycloolefins 
will  undergo  the  Diels-Alder  reaction. 

These  arguments  are  supported  by  Alder  and  Stein  who  have 
shown  that  introduction  of  strain  into  a  cyclohexene  ring,  as 
in  the  bicycloheptenes,  allows  the  compound  to  undergo  the 
reaction. 
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THE  CINNOLINES 
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Introduction: — The  cinnolines  are  derivatives  of  a  hetero- 
cyclic binuclear  base  containing  two  vicinal  nitrogen  atoms. 
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Clnnoline  itself  has  been  synthesized  only  through  reduction  of 
4~chloroclnnoline  and  oxidation  of  the  resulting  dihydro  compound. 
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Clnnoline  (m.p.  39°)  is  a  strong  base  and  forms  stable  salts  with 
hydrochloric  and  picric  acids.   It  readily  forms  a  methiodide  and 
exhibits  strong  activation  in  the  four  position.   The  nitrogen  con< 
talning  ring  is  stable  to  oxidation  as  is  shown  by  the  degradation 
of  4~anisylcinnollne  to  pyridazine. 
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Synthesis  from  substituted  phenylprooiolic  acids. — V.  von  Rlchte? 
prepared  the  first  derivatives  of  clnnoline  from  c_-aminophenylpro- 
piolic  acid.  The  synthesis  of  substituted  phenylpropiolic  acids, 
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however,  is  so  difficult  that  this  method  for  preparing  the  cin- 
nolines  has  not  been  applied  further. 

The  Wldmann-Stoermer  reaction: — The  formation  of  clnnolines 
from  substituted  o_~aminophenylethylenes,  discovered  by  Widmann  and 
developed  by  Stoermer,  is  the  only  general  procedure  for  the  syn- 
thesis of  clnnolines.   The  Widmann- Stoermer  reaction  is  carried  out 
by  the  same  procedure  as  the  phenylpropiolic  acid  method,  and 
Widmann  advanced  a  mechanism  for  his  reaction  similar  to  that  of 
Rlchter  for  the  phenylpropiolic  acid  synthesis.   The  equation  for 
the  general  Wldmann-Stoermer  reaction  Is  as  follows. 
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The  substltuents  R  and  Rf  have  a  great  effect  on  the  course 
of  the  reaction. 


A.  The  effect  of  R: 

1.  R  is  alkyl 

2.  R  is  aryl 

3.  R  is  COOH 

4.  R  is  OH,  Br 

B.  The  effect  of  Rf : 

1.  R»  is  alkyl 

2.  R1  is  aryl 

a.  R  is  H 

b.  R  is  aryl 


cinnoline  formation 
increased  tendency  to  cycllze 
no  cinnoline  formation 
cinnoline  formation 


cinnoline  formation 

Pschorr  reaction  or  replace- 
ment of  diazonium  group  by  H,  OK. 
cinnoline  formation 


3.  R1  is  a  negative  group  but  not  a  carboxyl  group 

a.  R  is  H  no  cinnoline  formation 

b.  R  is  aryl         cinnoline  formation 


4.   R*    is   COOH 
a.   R   is  H 


no   cinnoline   formation 


Both  the  els  and   trans   Isomers  react   equally  well  in   the 
Wldmann-Stoermer    synthesis. 

Special   cases   of   the  Wldmann-Stoermer  reaction : — 

1.   Loss   of   functional   group: 
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This   is   the   only  case   in  which  loss   of   a   functional   group 
has  been  observed. 

2.    Enolizatlon: 

Although  the  following  reactions  do   not   pppeer   to   be- 
long  to   the  Wldmann-Stoermer   type,    they   can   be   considered  with 
that   group  if   the   enolate  is  assumed  to   be   the  active   form. 
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Special  methods: — 

1.    From   substituted  phenylhydrazones: 
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This  method  has  not   been   tested    for  generality,    but   it   would   ap- 
pear to  be  capable  of  general   application.      However,    the  yields 
are   low  because  of   the    simultaneous  formation  of  benzopyrezolonee 
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2.    From  2,4,5-triphenyl-3-die zopyrrole: 
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SYNTHESIS  OF  BIOTIN 


In  December,  1942,  the  complete  structure  of  blotin  was 
established  as  2'~keto-3, 4~imidazolldo-2~tetrahydrothlophene- 
valerlc  acid. 
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Biotin 

A  review  of  the  work  leading  up  to  the  assignment  of  this 
structure  was  presented  in  a  seminar  (December,  1942)  by 
Dr.  P.  L»  Southwick.  This  structure  has  now  been  verified 
by  synthesis. 

Karrer  and  Schmidt  published  a  series  of  papers  on  deriva- 
tives of  tetrahydrothiophene  which  are  related  to  biotin. 
Compound  I  was  prepared  by  the  following  method. 
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A  series  of  interesting  reactions  was  then  carried  out 
on  this  compound. 
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Compounds  VII,  VIII,  IX  were  prepared  by  methods  similar 
to  those  used  in  preparing  compound  I.   Ethyl-(3-mercapto~ 
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VII 
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propionate  was  condensed  with   diethyl-a-bromoglutarate,    methyl- 
a~bromo-^J-cyanocaoroate,    and    diethyl-a-bromopimelate   respec- 
tively. 
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The  following  reactions  were  carried  out  on  compound  VII. 
COOC2H5 
i ?=0  dilute_H2S04  CH^N8   CR  

I      I  -C02  I  3 

CHg    HC~(CH2)2COOC2H5  CH2    HC-(CH2 )2COOCH3 
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B£»*    H_*°   HC C=0  NH.0H.HC1   I jj 

CaC03    |       |  CH3C00K 


C^2   HC-(CH2)2COOCH3  CH2   HC-(CH8)2COOCK, 

X  XI 

On  reduction  compound  XI  lost  nitrogen,  as  did  compound  IV. 

However,  if  compound  VII  were  brominated,  hydrolyzed,  and 
decarboxylated,  a  different  product  was  isolated. 
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XII 

Compound  VIII,  on  similar  treatment,  gave  a  comoound  cor- 
responding to  XII. 

Cheney  and  Piening  published  the  synthesis  of  2,3,4,5- 
tetredehydrobiotin  (XIII). 
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COOC2H5  .  COOC2Hs 

dry  selective 
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XIII 

The  successful  synthesis  of  biotin  wps  accomplished  by  8 
group  of  chemists  et  Merck  end   Company,  Inc.,  in  the  following 
rapnner . 
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HN-CC6H5  HN-CC6H5  N-CCH3 
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XVIII 

Compound  XVI  melted  p.t  185-186°.   From  the  same  reaction 
an  Isomer,  XVI-A,  was  isolated  whose  melting  point  was  162- 
163°.   This  probably  had  the  following  structure. 

0     HO 
HN-CCeH.  N-CCH. 
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HC CH 

1        '  H  1    1 
H3C       C=C-(CH2 )3COOCH3 

XVI-A,  m.p.  162-163° 

0 
The  one  melting  at  185-186  on  reduction  gave  two  racemates 

whose  melting  points  were  153-154°  and  172-173°.   The  lower 
melting  form  of  compound  XVII  gave,  on  hydrolysis  and  treat- 
ment with  phosgene,  dl-biotin  (m.p.  232°).   The  other,  on  the 
same  treatment,  gave  dl-alloblotin  (m.p.  194-196°).   dl-Biotin 
was  resolved  through  its  esters  with  1-mendelic  acid  to  give 
biotin. 

When  compound  XVI-A  was  reduced  and  treated  as  above  it 
also  gave  two  racemates.   One  of  these  was  dl-allobiotin  and 
the  other  has  been  named  dl-eplallobiotin  (decomposes  without 
melting  starting  at  195°). 

Since  three  racemates  with  the  formula  of  biotin  have 
been  isolrted,  one  or  two  of  the  racemic  pairs  must  have  a 
trans  configuration  of  its  nitrogen  atoms  in  its  ureide  ring. 

dl-Alloblotln  and  dl-eplallobiotin  on  hydrogenolyeis  with 
Raney  nickel  catalyst  gave  identical  compounds,  while  dl-biotin 
on  similar  treatment  gave  a  different  product.   From  these  re- 
sults it  is  evident  that  dl-alloblotin  and  dl-eplallobiotin 
are  epimeric  at  carbon  atom  2. 
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ANTISPASMODICS 


Pharmacologically  and  physiologically, 
be  classed  in  two  basic  types:   (1)  Musculo 
act  irrespective  of  any  innervation  or  in  e 
the  muscle  cell  and  (?)  neurotropic  -  those 
vent  nervous  stimulation.   Isolated  strips 
are  generally  used  as  test  objects.   Muscul 
be  simulated  with  barium  chloride  solution 
spasm  with  a  solution  of  acetylcholine.   Th 
stance  as  an  antispasmodic  can  be  measured 
tration  required  to'  abolish  the  spasm  indue 
A  kymograph  record  of  the  movements  of  the 
or  not  relaxation  has  been  produced. 

Synthetic  antispasmodics  have  been  patterned  after  two 
naturally  occuring  drugs,  papaverine  (I)  and  atropine  (II ). 
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Papaverine  exhibits  musculotropic  activity  and.  atropine  neuro- 
tropic activity.   A  single  molecule  combining  both  forms  of 
antispasmodic  activity  would  be  invaluable  from  a  clinical 
standpoint.   An  antispasmodic  could  be  prescribed  without  the 
necessity  of  knowing  the  mechanism  responsible  for  the  particu- 
lar spasm. 

Papaverine  is  isolated  incidental  to  the  extraction  of 
morphine  from  opium.   The  limited  quantity  available  rnd  the 
high  cost  of  isolation  has  led  to  the  development  of  numerous 
practical  syntheses.   The  most  recent  syntheais  reported  is 
that  of  Kindler. 


Attention  has  also  been  directed  to  the  synthesis  of  papa- 
verine -like  compounds.   The  main  efforts  have  been  devoted  to 
changing  the  pubstituents  in  the  various  rings,  varying  the 
side  chain  attached  to  the  isoquinoline  nucleus  at  position  one, 
E  .   introducing  different  groups  at  position  three.   Bruckner, 
during  studies  on  the  relation  of  structure  to  activity,  pre- 
pared compounds  of  tyoes  (ill)  and  (IV),  in  which  the  R  group 
we    C6H5~,  C6H5CHa-,  3,4-CH202C6H3~,  3, 4~CH202C6H3CK2-, 
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3,4-(CH30)2C6H3-,  3,4~(CH30)2C6H3CH2~,  p_-CK3OC6K4-,  end 
3,4, 5~(CK30)C6H2~.   In  general  these  compounds  were  equal  or 
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IV 


superior  to  papaverine  ^nd  less  costly 

special  Interest  wra  thpt  the  presence 

the  heterocyclic  ring  end  the  prometic 

necessary  for  phprmocologic.pl  pctivity.   Euppverine  (V)  rnd 

Perpprine  (VI )  pre  probably  the  best  known  of  the  pppaverlne- 

like  drugs.   Despite  the  numerous  modifications  of  the  papa- 
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verine  structure  the  compounds  remained  strictly  musculotrocic 
in  potion. 

The  lergest  pmount  of  research  in  the  field  of  synthetic 
pnti spasmodic s  has  been  devoted  to  the  preparation  of  basic 
esters.   A  grept  number  of  basic  esters  of  tropic  acid  hap  be,en 
prepared  and  tested.   The  evidence  demonstrates  trv  t  the  bpeic 
alcohol  may  be  much  less  complex  than  the  one  found  in  ptropine 
and  still  be  an  effective  antispasmodic.   One  of  these  esters, 
P, p-dimethyl-V-diethylaminotropate,  is  sold  under  the  name  of 
Syntropen.   The  esters  of  tropine  have  not  been  studied  to  any 
great  extent. 


Hundreds  of  esters  in  which  the  alcoholic  and  the  acyl 
radical  are  different  from  those  in  ptropine  have  been  prep' 
end  tested  in  connection  with  antispasmodic  investigations. 
thin  cl^ss,  Trasentin  ( p-diethylaminoethyl  diohenylacetate) 
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Trasentin-H  ( p-diethylamlnoethyl  phenylcyclohexylacetate )  have 
exhibited  favorable  properties.   The  latter  seems  to  be  the  most 
satisfactory  compound.   Its  neurotropic  activity  almost  equals 
that  of  atropine  and  its  musculotropic  activity  is  greater  than 
that  of  papaverine, 

Blicke  has  recently  prepared  and  tested  a.  number  of  basic 
alkyl  esters  similar  to  Trasentin.   These  were  basic  esters  of 
substituted  p_-xenyl,  a-naphthyl,  and  a-thienylacetic  acids. 
At  the  present  time  it  is  especially  among  basic  ethyl  or 
propyl  esters  of  disubstituted  acetic  acids  that  useful  anti- 
spasmodics are  sought. 

One  other  type  of  basic  ester  of  interest  may  be  illus- 
trated by  Demerol  (ethyl  l-methyl-4~phenylpiperidine~4-c^r- 
boxylate).   The  basic  nitrogen  is  present  in  the  acyl  instead 
of  the  alcoholic  radical. 

Other  classes  of  compounds  have  been  studied  and  found  to 
be  active.   Antispasmodic  activity  is  not  limited  to  one  par- 
ticular class  of  compounds,  and  within  a  given  class  of  active 
compounds  no  one  specific  radical  seems  to  be  responsible  for 
the  activity. 
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FORMATION  AiYJ  REACTIONS  OF  CERTAIN  ENOL-LaCTONSS 

Paul  Ruggli,  University  of  Basel 

The  work  described  here  grew  out  of  recent  attempts  by 
Ruggli  and  his  co-workers  to  prepare  derivatives  of  1,3- 
cyclopentanedione  (I).   The  parent  compound  is  not  known, 
and  only  a  few  derivatives  of  definitely  established  structure 
have  been  reported. 

CH2-CO  /CH2-CQ  CH2-CO 

">CH2      CH2   XCH3        |     ^CH2COOC2H5 
CH2-C0  \!H2-C00C2H5      CH2-COOCK3 

I  II  III 

C6HBCH— GO  C6H5CH-CQ 

I  ^CHC6H5  |         ^CHC6HS 

CH2-C0  CsH5CH-C0 

IV  V 

By  analogy  to  the  ready  formation  of  1 , 3-cyclohexanedione 
from  ethyl  <£-ketocaproate  (II)  (1),  one  would  expect  the  de- 
sired cyclopentane  analog  from  the  ring  closure  of  the  ester 
of  levulinic  acid,  but  an  attempt  to  effect  this  cyclization 
failed  (2).   The  first  attack  on  the  problem  by  Ruggli  and 
Maeder  (3)  involved  the  use  of  compound  III  with  the  hope  that 
the  more  active  methylene  would  induce  cyclization,  but  this 
also  failed  to  give  the  desired  product.   A  second  method  of 
approach  also  failed  to  produce  the  cyclic  ciketone,  but  led 
to  a  field  of  investigation  which  is  possibly  more  interesting 
and  Important  than  the  original  plan.   (A  measure  of  success 
has  now  been  attained  on  the  first  problem;  Ruggli  and  Sohmi&lin 
(4)  have  prepared  2, 4-diphenyl-l, 3-cyclopentanedione  (IV)  by 
two  different  methods.   Koelsch  and  Wawzonek  (5)  obtained  the 
trlphenyl  derivative  (V)  in  1941  and  reported  it  to  be 
completely  enolic;  this  agrees  with  the  observed  properties 
of  Ruggli' s  diphenyl  derivative.) 

The  second  unsuccessful  attempt  mentioned  above  involve! 
the  reaction  of  succinyl  chloride  with  sodio-malonic  ester. 
This  reaction  had  been  studied  many  years  before  by  Reuber  (C\, 
Scheiber,  and  Lungwitz  (7),  and  said  by  the  latter  two  author/ 
to  produce  "succinyl-malonic  ester"  (VI) . 

^C(COOC2H5)2 
CH2-C0  CHS—  Z 

>:(C00C2H5)s     |      "0 
CH2-CC  CH2-C0 

VI  VII 
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The  compound  which  Ruggli  isolated  was  identical  with  their 
product  in  melting  point  and  analysis,  but  has  now  definitely 
been  shown  to  have  the  unsymmetrical  structure  VII.   Previous 
attempts  at  reduction  of  the  product  had  resulted  in  cleavage 
of  the  molecule  so  that  no  indications  of  the  structure  were 
given;  however,  Ruggli  succeeded  in  hydrogenating  the  sub- 
stance by  the  use  of  platinum  oxide  catalyst  in  alcohol  at 
room  temperature  to  produoe  compound  VIII  in  good  yield. 
Saponification  of  VIII  gave  the  crystalline  acid  IX,  and  de- 
carboxylation yielded  adiplc  acid. 


VII 


H; 


cat. 


XU(COOEt)2 
latfHa  H20        CHsCHaCH(COOH) 


CH8COOH 


VIII 


IX 


CH3CHgCH2COOH 
HaCOOH 


i 


Formula  VI  is  excluded  by  this  work,  since  under  thepe  mild 
conditions  cleavage  of  the  |3-<liketone  would  certainly  not  occur, 
and  the  greatest  extent  of  reduction  would  be  to  produce  the 
diol.   In  contrast  to  this,  the  smooth  catalytic  hydrogenaticn 
of   ^-unsaturated  lactones  to  saturated  acids  under  similar 
experimente.1  conditions  has  been  observed  often  (8). 


Compound  VII  is  very 
primary  product  (x  or  XI) 


sensitive  towards  hydrolysis.   The 
may  be  isolated  by  treatment  with  cold 


CH  o    C 


^(COOEt) 


i 


Ha-C(T 


c 


+  HaO 


^C(C00Et)2  /CH(C00Et)3 

CH8-(L  CHaCO  H30 

OH  <*  4 

CH2-COOH  CHa-COOH 


VII 


XI 


CH^COOH 


i 


HaCOOH 


+   CHa(COOEt) 


sodium  carbonate  closely  followed  by  neutralization,  and  may  be 
reconverted  to  the  lactone  by  heating  with  anhydrous  medium 
acetate  in  benzene.   This  ease  of  hydrolysis  is  more  character- 
istic of  a  true  acid  anhydride  than  of  a  lactone.   However, 
Ruggli  points  out  that  structure  VII  is  of  a  very  special  type, 
since  the  product  of  hydrolysis  (XI)  is  at  once  a  j-hydroxy- 
acid  and  a  £-ketoester,  and  therefore  VII  should  be  considered 


i.  '■■■   '■  "'  'i  i  -  .1 ■  : 

*  ■       rl:J».l 

•  •■■»'.,  .  i 
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an  enol-lactone.   The  further  similarity  of  this  enol-laetone 
to  an  acid  anhydride  is  shown  by  the  following  reactions. 
Dilute  aqueous  alkali  and  amines  cleave  the  molecule  to  produce 
succinic  acid  and  malonic  ester,  since  the  initial  product 
(X  or  XI)  is  also  easily  hydrolyzed.   Without  solvent  or  in 
organic  media,  amines  produce  succinyl  diamides.   Reaction  with 
semlcarbazide  leads  to  the  formation  of  XII  and  XIII. 


CH3CONHNHCONH3 

I 

CH2CONHNHCONH3 


XII 


H3NCONHNHCOCH3CH2C 


C CH 

I     I 

N   CO 

V  / 

N 


COOCaH5 


CONH8 
XIII 


Reuber  had  found  that  succinic  anhydride  as  well  as 
succinyl  chloride  would  react  with  sodio-malonic  ester  to  pro- 
duce " succinyl-malonic  ester."   Hence,  Ruggli  presumed  that 
the  enol-lactone  itself,  in  keeping  with  its  anhydride-like 
nature,  should  react  further  with  sodio-malonic  ester.   al- 
though Reuber  and  Lungwitz  were  unable  to  effect  this  reaction 
product  XIV  was  isolated  in  nearly  quantitative  yield  by 
Ruggli. 


CH; 

CH: 


< 


C(COOEt) 


.0 


HP-C0 


+  Na[CH(COCEt)2] 


CH3C0CH(C00Et)a 
CH3C0CK(C00Et)3 


VII 


XIV 


This  tetra-ester  differs  distinctly  from  the  enol-lactone  VII 
in  its  reactions.   It  is  stable  towards  hot  water  and 
dilute  alkali. 


cold 


When  succinyl  chloride  was  treated  with  two  moles  of 
sodio-malonic  ester,  the  main  product  (VII )  was  obtained  in 
about  45%  yield.   Investigation  of  the  crude  reaction  residue 
showed  that  it  consisted  of  malonic  ester,  small  amounts  of 
VII,  its  hydrolysis  product  XI,  and  XIV.   In  addition,  a  new 
product,  XV  or  XVI,  was  found  and  identified  (9). 


(EtOOC)oCH 


CH— CH 

!!     " 

H-C    C- 


GH->— CH  • 


• 


CH(COOEt) 


( EtOOC )  2C=4   J5=C  ( CCOEt )  2 


XV 


XVI 


'.- 


..... 


; . ;     .    


<  •  -  ■ 
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The  chief  interest  in  this  residue  was  the  possible  presence 
of  the  true  C-acylation  product  with  the  structure  VI,  which 
had  been  erroneously  ascribed  to  the  enol-lactone  (VII).   Some 
Indications  of  the  transitory  existence  of  this  form  were,  ob- 
tained from  the  observation  of  some  rather  extraordinary  color 
phenomena,  but  no  definite  conclusions  were  reached. 

The  cleavage  of  the  enol-lactone  (VII)  by  sodio-malonic 
ester  to  form  the  1,4-diketone  XIV,  which  is  also  a  p-ketcest.-r, 
was  seen  by  Ruggli  to  offer  preparative  possibilities.   By 
using  succinic  anhydride  in  place  of  succinyl  chloride  the  yield 
of  VII  was  raised  to  63$.   The  substitution  of  other  active 
methylene  compounds  for  malonic  ester  was  investigated  and  a 
new,  generally  applicable  process  for  the  preparation  of  com- 
pounds of  type  XVII  is  presented  (10). 


CHp-CO-C 


CHo-CO-C 


^A 


N300CH 


C00C2HE 


XIV: 

A 

and  B  =   C00CH5 

XVIII: 

A 

=   C00C2H5,    Bv=   ON 

XIX: 

A 

=   CG0C8HB,    3  =   COCI- 

XX: 

A 

and   B  =  C0CHa 

2iA5 


XVII 

Treatment  of  VII  with  sodio-c 
pound  XVIII.  The  reaction  of  succ 
of  sodio-acetoacetic  ester  gave  di 
through  the  intermediate  formation 
lactone  analogous  to  VII,  but  even 
could  not  be  isolated.  When  VII  w 
acetic  ester  a  mixture  of  XIX  and 
mechanism  proposed  to  explain  this 
with  condensation  was  based  partly 
by  Ruggli  (3)  that,  in  the  presenc 
trimethylamine,  XIV  decomposed  to 


yanoacetic  ester  gave  com- 

inic  anhydride  with  an  excess 

rectly  compound  XX,  evidently 
and  cleavage  of  an  encl- 
more  sensitive,  since  it 

as  treated  with  sodio~:)ceto- 

XX  was  produced.   The 
substitution  occurring  along 
on  the  earlier  observation 

e  of  catalytic  amounts  of 

VII  and  malonic  ester. 


XIX 


/CH(COOEt) 

CH; 

><V 

1 

^ 

1 

XOH 

CH; 

>C      /C0CH3 

\ 


COOEt 


/ 


GH( COOEt) 


I    > 

'COOEt 


CH2(C00Et)2  +  | 


'Ho-  C->v 


\ 


/ 


C 


CH3-a  /Coch3 


\ 


COOEt 


sodio-rceto- 
acetic  ester 


XX 
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The  p-ketoesters  and  (3-dlketones  produced  by  this  synthesis 
react  with  semicarbazide  and  phenylhydrazine  to  form  the  ex- 
pected substituted  pyrazolones  and  pyrazoles,  of  which  ex- 
amples XXI  and  XXII  may  be  given. 

EtOOC-CH C-CH2CH2-C CHCOOEt    EtOOC-C C-CH2CH2-C C-COQEt 

111  II         I  i         II 

CO        N  N        CO  CHoC        N  N        CCK3 

*W  \N/  3  V*/  Y 

AoNH2  6oNH2  (56K5  C6H5 

XXI  XXII 

Ruggll  states  that  the  enol-lactone  Cleavage  has  been 
found  to  be  a  very  general  reaction  which  may  be  extended  to 
polybasic  acids  of  the  aromatic,  alicyclic,  and  heterocyclic 
series.   The  end-groups  should  allow  acid-  or  ketone- cleavage 
so  that  the  substances  should  be  useful  in  the  synthesis  of 
1,4-diketones  and  heterocyclic  compounds,  especially  pyrrole 
derivatives. 
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THE  REACTION  OF  N-METHYLOLAMIDES  WITH  AROMATIC  COMPOUNDS 


Sachs,  in  1898,  prepared  N-methylolphthalimide  by  heat- 
ing together  phthalimlde  and  aqueous  formaldehyde. 

C6H4(CO)aNH  +  CH20  ->  C6H4(CO)2NCH2On. 

He  found  that  this  product  would  react  with  aniline  to  form  a 
substituted  methylenediamine. 

C€H4(CO)aNCHaOH  +  C6H5NHa  ->  C6h4 ( CO) aNCnaNHC6H5  +  Ha0. 

Tscherniac,  in  a  German  patent  dated  1902,  claimed  the 
condensation  of  N-methylolphthalimide  with  aromatic  compounds 
such  as  hydrocarbons,  nitro  compounds,  phenols  and  phenol 
ethers,  tertiary  bases,  sulfonic  acids,  etc.,  to  form  the 
corresponding  N-benzylphthalimides.   These  products  could  in 
turn  be  hydrolyzed  to  the  corresponding  benzylamines : 

.  + 

C6H4(C0)2CH20H  +  ArH  — > C6n4 (CO) aNCHaAr  ~> 

C6H4(COaH)2  +.ArCH,Nfit 

The  condensation  was  carried  out  in  the  presence  of  concentrated 
sulfuric  acid  and  took  place  quite  readily  when  the  aromatic 
component  was  benzene,  nitrobenzene,  m-  and  p-nitrotoluerie, 
o-nitroanisole ,  dime thylaniline ,  etc. 

Einhorn  and  coworkers,  in  two  papers  published  in  1905 
and  1908,  respectively,  announced  the  preparation  of  the 
N-methylol  derivatives  of  a  large  number  of  amides  by  a  method 
which  involved  allowing  the  amide  and  formaldehyde  to  stand 
in  the  presence  of  a  base  such  as  sodium  hydroxide,  sodium 
carbonate,  barium  hydroxide,  triethylamine,  or  potassium 
cyanide. 

RC0NKa  +  CHa0  ->  RCONKCHgOH 

In  this  fashion  were  prepared  N-methylol  derivatives  of  amides 
of  mono-  and  poly-basic  acids.   The  reaction  also  was  found  to 
be  applicable  to  amides  of  the  aliphatic,  aromatic,  and  hetero- 
cyclic series. 

Einhorn  extended  the  work  of  Tscherniac  by  carrying  out 
condensations  of  his  N-methylolamides  with  several  aromatic 
compounds.   Among  the  methylol  derivatives  used  were  those  of 
benzamide,  chloroacetamide ,  salicylamide,  and  f ormamide .   Below 
are  representative  condensation  products  obtained  by  Einhoru. 


CH2NHC0C6H5 
^OH 


CHpNHCOCfiH 


0"2 


6^5 


f 


OH 
/  vyC-~i2i\iHCHG 


NO. 


aiii 


.';      ■•' 


)  '. 


• 
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NHCCCHs 


sX 


O.H§-H 


CO—  CH-CHaNKCOCKaCl 


\ 


u-— c-ch3 


CHpNHCOCKpCl 


Einhorn  also  found  that,  in  addition  to  concentrated  sulfuric 
acid,  aqueous  and  alcoholic  hydrogen  chloride  and  zinc  chloride 
were  capable  of  catalyzing  these  condensations. 

As  shown  below,  some  striking  results  were  obtained  by 
Einhorn  when  he  allowed  the  methylolamides  to  condense  with 
polyhydric  phenols.   No  attention  was  called  by  the  author  to 
these  anomalies;  consequently,  no  attempt  was  made  to  inter- 
pret them. 


ArH 


Thymol 


Where  R  is 


-CH2NHCOC6H5 


-CH,NHCOCfiH4OH-o  \     -CH~NHCQCHaCl 


OH 


(CH3)2CH^ 


CH© 


R' 


OH 
(CH3)2CH^\ 


OH 
(CH3)  2CH //  \ 


>V 


i  Crf3 


Catechol 


R 


OH 

/^\oh 


!>V 


Hyd^bqul-iidne  - 

OH 
OH 

rR 

R  - 

OH 

V 

OH 

—  R 
> 

CH 
R  4-    fj-R 

CH 

OH 
HOf^\fOH 

OH 
HO^^OH 

OH 

HO^'^OH 

Pyrogallol 

R 

>^ 

w 

SR 

i 

f 

m 
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de  Diesbach  and  coworkers,  in  a  series  of  studies  ex- 
tending from  1928  to  1940,  applied  the  condensation  reaction 
of  N-methylolamides  to  anthraquinones  and  other  higher  quinones 
and  aromatic  ketones.   The  N-methylolamides  employed  in  these 
studies  were  those  derived  from  phthalimide,  chloroaeet amide, 
trlchloroacetamide,  and  benzamide.   Some  of  the  types  of 
products  obtained  in  this  manner  are  illustrated  below. 


^OH 


vs° 


R 
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w 
A>o 

R 


SK 


x 


\> 


kJ 


R 


/  v 


S^S 


^v  S 


fj\  \ 


V- 


I      i     I1 


JVL 


^ 


yy--R 


Benzophenone  cannot  be  made  to  condense  with  the  methy- 
lolamides,  but  the  methylbenzophenones  undergo  reaction  to 
yield  mono-  and  di-acylaminomethyl  derivatives,  while  the 
hydroxybenzophenones  yield  the  disubstituted  product  ex- 
clusively.  The  three  toluic  acids  undergo  condensation  in  the 
usual  fashion  to  give  the  product  bearing  the  aoylaminomethyl 
group  in  the  position  met a  to  the  carboxyl  group. 
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In  attempting  to  hydrolyze  the  aoylaminomethyl  derivatives 
of  the  anthraquinone  series,  de  Dreisbach  found  that  the  hydrolysis 
products  depended  on  the  mode  of  operation.   In  the  case  of 
the  acylaminomethyl  derivative  of  2-hydroxyanthraquinone,  the 
following  transformations  have  been  observed 


x 


A 


OH 


alkaline  hydrolysis 
absence  of  air 


CHpNHCOR 


alkaline  hydrolysis 
presence  of  air 


anti/or 


r\ 

o 

f) 

A 

y\ 

f]\ 

A 

/^ 

V 

V 

—«i: 

-OH 

x/ 

-OH 

C«HsNOa 

heat 


<7 


\  heat  in 

\  absence 
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V^ 


~> 


V 


J  3 


Hydrolysis  of  derivatives  of  this  type  is  always  ac- 
companied by  the  formation  of  a  certain  amount  of  high-molecular- 
weight,  polymeric  material. 
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KETENE  ACETaLS 

(McElvain  et  al,  University  of  Wisconsin) 

The  purpose  of  this  seainar  is  to  review  briefly  the  chemistry 
of  the  ketene  acetals  that  has  been  covered  in  previous  seminars 
and  to  discuss  several  recent  publications  that  are  concerned 
with  this  subject. 

I.   Preparation. 

A*  Elimination  of  hydrogen  bromide  from  a-brornoacetals  by 
bases. 

t-BuOH 
BrCH2CH(OR}2  +  K0C(CK3)3    -*    CH2  *  C(OR)2 

reflux 

R  -  Et,  n-Pr,  iso-Bu,  isoamyl 

This  is  the  best  method  for  the  preparation  of  ketene 
diethylacetal.   An  attempt  to  extend  this  method  to  the  preparation 
of  RCHaCH  =5  C(0Et)2  failed  since  the  elimination  of  hydrogen 
bromide  proceeded  in  an  unfavorable  mariner. 

KOBu(t) 
RCK2CHBrCH(0Et)2   -^     RCH  =  CH  -  CH(OEt)a 

Ketene  acetals  are  not  intermediates  since  compounds  of  the 
type  RCH  =  C/OEt)2  will  not  rearrange  under  these  conditions. 

B.  Elimination  of  elements  of  alkyl  hypohalites,  ROX  from 
orthoesters  by  metals. 

RCHBr-C(OEt)3  +  2Na  -> RCK=C (CEt ) 2  +  NaBr  +  NaOEt 

C.  Pyrolysis  of  orthoresters. 

C6H5CH2C(0Et)3  ->  C6K5CH  =  C(CEt)3 

This  method  if  limited  because  the  ketene  acetal  formed  in 
the  reaction  is  unstable  to  heat.   It  will,  however,  serve  as  a 
source  of  ketene  acetal  in  a  reaction  which  will  remove  the  ketene 
acetal  as  soon  as  it  is  formed.   A  typical  illustration  is  outr- 
lined  below. 


.0 


a 


200UC  C6H5OH       (OSt) 

CH3C(OEt)3   ->   [CH2  =  C(0Et)2]     ->    CH3C" 

NCCeK5 

CK3COOEt  +  C3H5OEt 

It  was  through  such  reactions  that  McElvain  studied  the  re- 
activity of  OR  group  by  their  elimination  from  RCH»C(GR) 20R' 


i '. 


i  t'.:- 
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tw(OEt), 

(not  CI) 


BrCH- 


A 


CH. 


A 


=  C(CEt)2  Br8CHC(OEt)3  -►  BrCH  =  C(OEt) 


II  Reactions. 

A.  Polymerization  of  Ketene  Diethylacetal. 

Strong  acids  such  as  hydrochloric  acid  and  metal  salts  such 
as  cadmium  chloride  produced  a  glass-like,  "head-to-tall"  polymer, 


CH3C(OEt)2  -  [CH2C(OEt)2  -]   CH2C(OEt)3 


n  =  20,  21 


A  1%   solution  of  ketene  diethylacetal  and  5%   hydrogen 
fluoride  in  ether  gave  12-14$  dimer  and  40-45$  trimer.   Half  the 
trimer  or  22$  was  shown  to  be  I. 


(EtO^Y^^MOEt) 

s 

(0Et)2 


slightest 


trace  of  K 


+ 


Et0/^\0Et 
OEt 


Methylketene  diethylacetal  does  not  polymerize  with  either 
hydrogen  fluoride  or  cadmium  chloride. 

B.  Reaction  with  "Active  Hydrogen"  Compounds. 


(1)  CH2  =  C(0Et)2  +  HX 


[CH3C 


s 


(OEt) 


V 


X 


]  ->  CH3C00ET  +  EtX 


where  X  =  OH,  halogen,  RC00-  or  ArC-. 

(2)  CH2  =  C(0ET)2  +  R0H->  CH3C(0Et)80R 

where  R  is  equal  to  all  the  Cx  through  C4  alkyl  groups  and  stable 
enol  radicals  such  as  dibenzoyl  methane. 


(3)  Acetoacetic  ester  and  malouic  ester 
CH2  -  C(0Et)2  +  CH3C0CH2C00Et   Na°Et 


CH3C(0Et)2CH2C00Et   E^2H 
CCCH* 


CH3C  =  CHCOOSt 
OEt  C0CH3 


■:."■ 


3J-0,;i:  sn*1     t»*iX.i  - 


•:.  ■•••! 


A 


r  .. 


:,   :     ..        -    '..       -        ■      ....    .  M      ■    V'«   -. 


'•  ■     7     * 


..  J 


*N  :■ 


S  .f 


I"!    \ 


*•         .     ~;       ^ 


J  :.,     C-'l.  , 


,  -.  .  ■     ....    .•■   • 


.. .  ■.- 


■-■■'  ....  (,::      ;.-  .  ..;.     :..- 


y  .-■: 


...    ■  .    .v     •      ... 


i  +, 


,  •  ..      ..         ■    .  ■       .  ..  - 
■     '  ',■■■■ 


■■.:.'': 


:.',  .; 


■f  •:■ 


-3- 
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(4)  Nitrogen  Compounds 


CH; 


=   C(DEt)a    +  NH3 

-NH3 


CH3C-OEt 


NH, 


CH3C-NH2 


fH 


J^-HOEt 
CH3C^N 


(1)  CH2 

(2)  CH2 


— ^  - 

C.  Reaction  with  Acyl  and  Alkyl  halides. 

H9CH2COOEt  +  EtBr 


=  C(0Et)2  +  C4K9Br  ->  C4H9( 

JtOEt), 

]  ->RCH2COOEt  RaCH-COOEt  f— 
Br 


^T2  =  C(OEt)2  +  RBr  -*  [RCH2C 


/ 


RCH  =  C(OEt)2 J 
benzyl 


or 


R  =  allyl 
(3)  CH2  =  C(OEt)2  +  RC0C1 


D.  Reac 

(EtO)2C 


tion  with  Maleic  Anhydride. 


RC0C1 
RCCCK3C00Et    -,  "  rh  =  CHCOOEt 

4cor 


ether 
— •> 

4  to  1 


OEt 
E.  Reaction  with  Quinones. 


(EtO)a/\ £ 


(OEt) 


J 


X 

Y 


+  CH2   =    C(OEt) 


or 


-OEt 


HCTn> 


OEt 


II 


III 


II  was  originally  reported  to  be  the  correct  structure  since 
the  product  did  not  show  any  tendency  to  form  a  polyester  and  it 
did  not  react  with  excess  ketene  acetal. 
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It  was  later  shown  however  that  m-Xyloquinone  also  gave  an 
addition  product;-  the  product  (II  or  III)  contained  a  free 
hydroxyl  group  (by  acetylation  and  Grignard  machine)  and  this 
same  product  did  not  add  G-rignard  reagent.   Additional  evidence 
for  structure  III  was  furnished  by  the  following  reactions. 


Ill 


III 


HBr  in  dioxane 
10  hr. 


EtI 

NaOr 
&0 


H) 


M-OEt 


~CH; 


C=0 


-CEt 


H 


5-hydroxycoumaranone-2 
(homogentisic  lactone) 

EtI  + 
NaOR 


H.c0 


5-ethoxycoumaranone-2 

m-Xyloqulnone,  bromobenzoquinone,  and  ©.-naphthoquinone  reacted 
in  similar  fashion  but  bromo-  and  dibromonaphthoauinone  behaved 
differently. 


'/ 

^ 


'/ 

^N 


Br 


+  CH2  =  C(OEt) 


125' 


'/ 


s1Ch2-C(0Et)3 
Br 


JH  -  C(0Et)2        ~» 

CH2  =  C(0Et)2 


C\ 


^ 


OEt 


)Et 


(21#  yield) 
Xanthopurpurin  diethylether 


Br      +   CH2   -   C(0Et)2 
Br 


80° 


^ 


X 


NcHaCOOEt 


vy 


Br 
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F.  Reaction  with  Diazonium  Salts. 


+--I  ~ 


CH3   =   C(OEt)3    +  X_<<  2>    N^ 

(5   moles)  (dry    Baltj 

-EtOH  . s. 

II        X-<^_J>NH-N=CH-(f 


>>N=N-CHa-C-CHa-C-Cl 
^ V  I  I 

(6Et)2(6Et) 

-EtOH 


-Etc: 


-C=CH-COOEt 
OEt 


X 


O 


N=CH. 
i(         )C-OEt        (25-35^  yield) 


1  phenyl-4-ethoxypyridazone-6 
X  =  H,    Etc,    NC3   cr    COOEt 


An  additional   27%  of   the   reaction  product  was   shown   to   be 
IV.      The   formation   of   this   compound   can  be   explained  by   the 
following  reactions. 


Et 


Q<^~    :r\    Na  +   CI""    +  CHa   =   C(OEt)a-*     EtO<^     ^N    N=N-CH3C(OEt 


EtO 


^> 


EtO<^~^>Na+Cl 


NHN=CHCOOEt 


;to<C=^>N: 


/ 


C-COOEt 


IV 


ethyl  r-,P'-diethoxydiphenylformazyl- 

t ormate. 


G-.  Reaction  on  Pyrolysis. 

XCH  =  C(OEt)a   ->   XCHaC00Et  +  CH3  =  CH3 

X  =  K,  CI,  Br 


Methylketene  diethylacctal  undergoes  no  reaction  when  heated 
for  six  hours  at  200°C. 
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Ketene  diallylacetal  and  ketene  dibenzylacetal  have  the 
system  [>C  =  £-0-CH2-C=C<]  which  is  necessary  for  the  Claiaen  or 
allylic  rearrangement.   This  rearrangement  takes  place  so  readily 
that  the  ketene  acetal  cannot  be  isolated. 


BrCH9-CH 


)CH2CH  —  CH2 

[ 

^CHgCH  =  CH2 


BuOK 


CH2  * 


>CH2CH  =  CH2 
)CH2CK  =  CH2 


refluxlng 
BuOH 


BrCH9-i 


!CH2C6H5 
CH2C6H5 


CHa   = 


BuOK 


CH-CH2CH2C-OCH2CH  =    CH2 

y 


CHS  =   C 


/ 

c 

\ 


chJ,/\ 


OCH 


V 


L 


CCHpCc H 


3U6"5 


J\ 


V  >CH 


NV/^CH2CCOCH2C6H5 
Phenyltenzyl  ethers  rearrange  without  inversion. 


BIBLIOGRAPHY 


416  (1935). 
427  (1953). 

58,  529  (1936). 

59,  2266  (1937), 
Johnson,  Barnes  and  McElvain,  J.  Am.  Chem.  Soc. ,  62,  964  (1940). 
Barnes,  Kundiger,  and  McElvain,  J.  Am.  Chem .  Soc,  62,  1281  (1940) 
McElvain  and  Walters,  J.  Am.  Chem.  Soc,  62,  1482  (1940). 

and  Kundiger,  J.  Am.  Chem.  Soc,  64,  254  (1942). 
and  Cohen,  J.  Am.  Chem.  Soc,  64,  260  (1942), 
and  Walters,  J.  Am.  Chem.  Soc,  64,  1059  (1942). 

Clark  and  Jones,  J.  Am.  Chem.  Soc,  6^,  1966  (1942). 

Anthes  and  Shapiro,  J.  Am.  Chem.  Sec,  64,  2525  (1942), 


Snell  and  McElvain,  J.  Am,  Chem.  Soc,  55, 
Snell  and  McElvain,  J.  Am.  Chem.  Soc,  55, 
Beyerstedt  and  McElvain,  J.  Am.  Chem.  Soc, 
Beyerstedt  and  McElvain,  J.  Am.  Chem.  Soc, 


McElvain 

McElvain 

McElvain 

McElvain, 

McElvain, 


McElvain  and  Jelinek,  J.  Am.  Chem. 
McElvain  and  Langston,  J.  Am.  Chem 


Soc.  , 
Soc. 


65,  2236~TlS43)  . 
65,  2239  (1943), 


McElvain  and  Engelhardt,  J.  Am.  Chem.  Soc,  66,  1077  (1944). 


Reported  by  William  J.  Bailey 
January  3,  19^5. 


.:;..      • 


THE  REACTION  OF  £-HaLO  ETHERS  WITH  METALS 
E.  D.  Amstutz,  Lehigh  University 

The  scope  of  the  reaction  is  indicated  by  the  following 
examples. 

Treatment  with  (1)  magnesium  in  ether  or  (2)  sodium  con- 
verted p-bromophenetole  to  the  metal  phenolate  and  ethylene. 
In  the  first  case,  a  small  amount  of  the  product  of  Wurtz 
coupling,  1,4-dlphenoxybutane,  was  Isolated.   p-Bromoethyl 
alkyl  ethers  were  cleaved  in  the  same  manner  by  magnesium  in 
ether  (3). 

Mg 
BrCH2CH3OR   ->   ROH  +  CH3  =  CH3 

When  the  alkyl  group  contained  five  carbon  atoms  or  less,  yields 
of  the  alcohol  were  28-46$.   The  yield  of  ethylene  was  30-50$. 
It  is  to  be  noted  that  the  G-ilman  test  for  Grignard  reagent 
was  negative  during  the  reaction.   When  carried  out  in  an 
atmosphere  of  carbon  dioxide,  none  of  the  acid  was  obtained 
which  would  be  expected  from  the  reaction  of  the  gas  with  Grig- 
nard reagent. 

Boord  and  his  coworkers  (4)  in  1930  utilized  a  similar  re- 
action for  the  syntheses  of  olefins  by  treating  alkyl  £-bromo~ 
ethyl  ethers  with  zinc.   The  simpler  olefins  of  the  type  RCH=RCH; 
were  prepared  in  65-90$  yield.   This  synthesis  has  since  been 
developed  rather  extensively.   A  modification  of  the  reaction 
was  used  by  Dykstra,  Lewis,  and  Boord  for  the  preparation  of 
1,4-pentadiene. 

CH3  =  CHCH2Br  +  CH3BrCHBrOEt  M-&    B-^>s   CH3BrCHBrCH2CKBrCK2Br 

Zn 


Cn3  —  CHCH3CH  —  CH3 


(28$) 


Presumably  the  allyl  magnesium  bromide  first  formed  couples  with 
the  a-bromoether  and  the  coupled  product  is  then  cleaved  with 
excess  magnesium. 

Tetrahydrofurfuryl  bromide  reacted  with  magnesium  as  might 
be  expected  (5) . 


V 


CH2Br   ^   CH2  =  CH(CH2)3OMgBr  (58-62$) 


The  reaction  could  be  run  in  wet  or  alcoholic  ether reagents 

which  would  normally  react  with  a  possible  intermediate  Grignard 
reagent. 
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Although  £-bromotetrahydrofuran  failed  to  react  with  mag- 
nesium in  ether  it  did  react  with  lithium  to  give  a  low  yield 
of  lithium  vinylethylate  (14). 

In  at  least  one  case  a  £-haloether  has  "been  made  to  undergo 
a  coupling  reaction  with  zinc  rather  than  the  usual  cleavage  (6) 


CH3Br 

CKDH 

CH2Br 


Zn     130 
Nal,  Na3CC3,  AcNHa 


Z^ 


OR 


Triple  bond  formation  has  been  brought  about  by  the  action 
of  metals  on  aryl  p-bromovinyl  ethers  (7,8). 


PhOCH  -  CHBr 


Na 
9? 


PhOH   +   CH  =  CH  « 

(98$)    (21$  isolated  as  tBtrabromlde) 


Br   Mg  CO  z 


^Nc= 


Et30 


X 


CH 


^ 


OMgBr 


(o  g.) 


(0.5  g.) 


(0.028  g,) 


Phenoxyethynyl  magnesium  iodide,  when  heated  in  butanol, 
gave  an  86$  yield  of  phenol  and  a  small  amount  of  an  amorphous 
material  (7). 

The  formation  of  a  vinyl  ether  by  the  reaction  of  sodium 
with  p-chloroethyl  acetal  has  been  observed  (9). 

Na 
ClCH2CH(OEt)2  ->    CH2  =  CH0CH3CH3 

140° 


Sulfur  and  Nitrogen  Analogs. — As  might  be  expected  the  plaue 
of  the  oxygen  atom  in  the  ether  linkage  may  be  taken  by  other 
elements.   £,  £  ' -Dichlorodiethylsulf  ide  reacted  with  zinc  in  95$ 
ethanol  to  give  an  8%   yield  of  ethylene  which  was  isolated  as 
the  tetrabromide.   Numerous  other  products  were  obtained  (10). 

Although  p~ chl or o ethyl  phenyl  sulfide  failed  to  react  with 
magnesium  in  ether  the  analogous  bromo  compound  gave  'in specified 
amounts  of  ethylene,  thiophenol,  and  a  product  believed  to  be  the 
result  of  Wurtz  coupling  (14). 

Mason  and  Block  (11)  were  unable  to  prepare  the  G-r'.gr.urd 
reagent  of  N-(  (i-chloroethyl)-morpholine.   Instead  one  -iagneciuffl 
catalysed  the  dimerization. 
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0^  NCH2CH2Cl 


C 


CI  CI 

^CHaCH^^CHaCHas  +  ^HsCH^ 


CH2CH2 


IN        X       ° 
xCH5CHp^  ^CH^CHp/  X!K?CH/ 


However,  Amstutz  (14)  found  that  treatment  of  this  ohloroamine 
with  sodium  slightly  above  its  melting  point  readily  converted 
it  to  ethylene  acid  morpholine,  isolated  as  the  p-tolueneeu?;fonaQide 
A  small  amount  of  coupled  product  was  also  obtained.   No  yields 
were  given. 


£H3CH 
H3CH/ 


\ 


1 


Na 


^CHpCHpCI 


2un3' 


0(C4H8)NCK2CHa)a 
Morpholine   +  CH3  =  CHa 


Mechanism  of  the  Reaction 

Amstutz  writes  the  generalized  reaction  as 


R-X-A-B-Y 


R-X*A-B- 
+ 
+  Y 


R-X   +  A  =  B 


and  suggests  that  three  conditions  must  be  satisfied  in  order  that 
reactions  of  this  type  can  take  place. 

(1)  Group  Y  must  be  removed  without  its  pair  of  bondinp; 
electrons. 

(2)  Atom  X  must  have  a  higher  effective  nuclear  charge  than 
atom  B. 

(I)  The  covalence  between  A  and  B  must  be  capable  of  being 
increased  by  one  unit. 

Amstutz  further  points  out  that  some  other  well-known  re- 
actions appear  to  proceed  by  the  same  mechanism.   The  most  fainill:  r 
is  the  debromination  of  1, 2-dibromides  with  metals. 

Other  examples  are  the  isomerization  of  isoxazoles  (12) 
and  benzoisoxazcles  (13)  to  nitriies  under  suitable  conditions. 


Ph 


t-H 


v 


+  OH    -»  Phi 


nz 


v 


Ph 


CPN 


\ 


CQOH     Heat 


VV 


-j  COC" 

I 


H 


+ 


■4- 


^\ 


l 


f^\  C-N 


w 


V 


+  co2 


BIBLIOGRAPHY 


(1) 
(2) 
(3) 
(4) 

(5) 
(6) 

(? 
(8 
(9 

(10 

(11 

(12 

(13 

(14 


1048 


°175 


(1904). 

(1910). 

56,  126  (1934), 

Am.  Ohem,  Soc. 


Grignard,  Compt .  rend.,  158, 
Wohl  and  Berthold,  Ber. ,  45, 
Tallman,  J.  Am.  Chem.  3oc  , 
Dykstra,  Lewis,  and  Boord,  J. 

See  also  later  papers 
Robinson  and  Smith,  J. 
Jarowski,  Organic  Chemistry  Seminar,  University  of  Illinois, 

Feb.  16,  1944. 
Jacobs,  Cramer,  and  Weiss,  J.  Am.  Chem.  Soc,  62,  1849 
Reichstein  and  Baud,  Kelv.  chim.  acta,  20,  892~Tl937). 
Wislicenus,  Ann.,  192,  106  (1878). 
Kretov,  J.  Russ.  Phys.  Chem.,  61,  2345  (1929). 
Mason  and  Block,  J.  Am.  Chem.  Soc,  62,  1447  (1040). 
Claisen,  Ber.,  36,  3672  (1903), 
Lindemann  and  Cissee,  Ann.,  469,  44  (1929). 
Amstutz,  J.  Org.  Chem.,  9,  310  (1944) 


,  52,  3396  (1930) 
of  Boord  and  his  coworker s. 
Chem.  Soc  ,  1936,  195. 


(194C) 


Reported  by  D.  Curtin 
January  10,  1945 


FLUORENYLIDSS  aND  THE  STEVENS  REARRANGEMENT 


In  1928  Stevens  and  his  coworkers  described  an  Emde  reaction 
using  phenacyl-fcenzyl-dlmethylammoniufii  bromide  (I)  which  produced 
a  new  carton  skeleton  rather  than  the  dealkylated  product  ex- 
pected.  The  reaction  proceeded  equally  well  with  various  basic 
reagents  such  as  aqueous  alkali,  sodium  alkoxides,  and  sodamide. 


» 


_   aqNiiOH 
C6HBCCH8]p  Me8Br         -* 

CH2C6H5   1  hr. 


i 


C6H5C9HNMea 

CHaC 


2w6*l5 


4\ 


,CC^ 


C6H5CCH#CKC6H5 


Me8NH 


II 


Methobromlde 

\  NaOH 

Zn/  2S04  \ 


CcHcCGhoCKaCcH 


8 


C6H5CCH=CHC6H5 


NaOMe 


In  subsequent  articles  the  scope  of  the  reaction  has  been 
quite  clearly  defined.   Nitro,  methyl,  methoxy,  or  halogen 
groups  on  either  aryl  group  will  not  prevent  the  occurrence  of 
the  reaction.   The  nature  of  the  substituent  does  affect  the 
reaction  velocity  greatly.   The  phenacyl  group  has  teen  replaced 
by  acetonyl,  allyl,  benzyl,  and  9-fluorenyl  without  alteration 
of  the  course  of  the  reaction.   Instead  of  the  benzyl  group 
benzhydryl,  9-flourenyl,  phenacyl,  allyl,  and  phenylpropargyl 
groups  have  been  used  successfully.   Groups  lacking  an  active 
hydrogen  such  as  nitrile,  carbometoxy,  methyl,  phenyl,  and 
phenylethyl  could  not  be  used. 

The  preparation  of  these  quaternary  salts  was  accomplished 
in  either  of  two  ways.   Phenacyl  bromide  or  its  derivatives  and 
the  tertiary  amine  were  refluxed  in  benzene  solution  for  one- 
half  to  one  hcur.   The  second  method  was  addition  of  the  benzyl 
halide  to  the  substituted  aminoacetophenone.   Several  attempts 
further  to  clarify  the  scope  of  the  reaction  had  to  be  abandoned 
when  neither  of  the  above  methods  yielded  the  necessary 
quaternary  salt.   A  third  aryl  group  could  not  be  introduced, 
and  the  authors  suggested  that  this  failure  might  be  due  to 
steric  hindrance,  pointing  to  the  failure  of  tribenzylamine  to 
combine  with  benzyl  chloride  in  much  earlier  work.   Likewise, 
neither  triphenylethyl-dimethylamine  nor  phenyl-isopropyl- 
Gimethylamine  would  combine  with  phenacyl  bromide. 

The  carbon  skeletons  of  the  compounds  produced  were  shown 
by  degradation  to  the  related  chalconee  or  hydrochalcones.   How- 
ever, the  reaction  still  might  have  proceeded  in  either  of  two 
directions. 


,9   + 
RCcH«NMe.BP 

1    , 

CHaR» 


A 
B 


^ 


>> 


NMe 


II 


9 


RCCHaCHR1 

2 


NMe, 


I   . 
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Several  synthesis  were  attempted  in  order  to  determine  definitely 
which  course  had  teen  taken.   The  proof  oof  structure  II,  already 
indicated,  did  not  completely  satisfy  the  authors,   The  corres- 
ponding primary  amine  was  obtained  "cut  could  not  be  alkylated. 


9  9  ^° 

CCKaCHpCeKe   >     CeHcoCCHaCfiH 


C6H5CCK2CH3C6H5   ►  C6H5oCCH3C6H5   ►  C6H5CCr;CH3C6H5 
Two  other  unsuccessful  attempts  followed. 


t=p.(4: 


NMe o  NMe 


3 


C6HsMgBr  +  N=CCHCH3C6H5  -»  CSHSCHCH3C6H5   not   C6HBCQKCH3C6HB 


nn.vr.v 


llTMe 


CeK5C(}XCE2<^      ^>Br    ->   HOCC<^r  ^x>  Br   not  HOOCCH3<^   ^>Br 

The  fact  that  the  hydroren  of  the  phenacyl  group  is  the  most 
labile  can  Le  taken  as  a  strong  indication  that  path  A  was 
followed.   In  adaition,  the  most  rigorous  proof  was  obtained 
for  the  rearrangement  of  allyl-tenzyl-aimethylammonium  bromide. 

+    -  NaMH3 
CH2  =  CHCH3NMe3Br    ~*      CH3  =  CHCHNMe, 

CH3CsH5       '  CH3-w>eK5 

Pd-C 


IJMe,        ^,, 


JP< 

C8H6MgBr  +  C6H5CH3CKCN    -+  CH3CH3CHNMe3 

CH3C6H5 


The  product  which  would  form  if  path  B  were  followed  also  was 
synthesized  and  its  non-identity  with  the  rearrangement  product 
demonstrated. 

Stevens  attempted  to  establish  a  mechanism  for  the  re- 
arrangement.  For  the  initial  step  he  postulated  removal  of  a 

proton. 


RC  CH3NMe2   }   RC  CHN1 


}   RC  CHNMe3     __+ 


"    +  H 
6HaR»  CHaR' 


III 
The  second  step  was  indicated  in  two  different  ways. 
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III 


LCCE 


RCCHNMe3 
+  R'CH0+ 


ICCH  =  NI 


^-^   RCCH    NMe2 
+  R'CHa 


RCCHNMe, 
CHaR» 


Suggestion  of  path  D  was  prompt 
benzyl  group  migrates  much  fast 
group.  Neither  of  these  ideas 
more  likely  scheme  involves  a  s 
negative  carton  and  cleavage  of 
This  is  substantiated  by  the  fa 
molecular.  The  enh-nced  activi 
could  then  be  explained  as  a  re 
toward  the  nitro  group  leaving 
city  for  accepting  electrons  fr 


ed  ty.  the  fact  that  the  p_-nitro- 
er  than  does  the  p_-methoxytenzyl 
is  completely  satisfactory.   A 
imultaneoue  attack  at  the 

the  tenzyl  to  nitrogen  bond. 
ct  that  the  reaction  is  intra- 
ty  of  the  p_-nitrotenzyl  group 
suit  of  a  shifting  of  the  electrons 
the  methylene  group  greater  capa- 
om  a  donor. 


Negative  groups  which  increased  the  reaction  velocity  when 
on  the  tenzyl  ring  would  decrease  the  velocity  when  on  the 
phenacyl  ring.   Use  of  a  stronger  tasic  catalyst  in  these  cases 
often  was  successful  in  forcing  a  rearrangement  indicating  that 
removal  of  the  proton  is  a  critical  factor  in  the  reaction. 

Ingold  and  Jessop  postulated  the  presence  of  a  compound 
which  has  a  tond  structure  identical  to  III.   In  1929  they  re- 
ported that  9-f luorenyl-trimethyl-  and  triethyl-ammonium  hydro- 
xides in  aqueous  solution  were  colored,  whereas  their  salts 
were  colorless.   This  they  attributed  to  an  equllitrium  established 
between  the  quaternary  hydroxide  and  its  anhydride  (IV). 


OK" 


«- 


IV 


+  HoC 


(R  =  Me  or  Et) 


They  were  unable  to  isolate  IV,  but  due  to  an  equilibrium  far 
to  the  right  in  the  case  of  the  sulfur  analogue  they  did  isolate 
V  which  was  stable  enough  to  permit  analysis. 


_4- 


SFUBr   aqNaOH 


or  NH4CH    J 


Wittir  and  Felletschin  recently  claimed  to  have  isolated 
IV  as  one  of  a  claes  of  compounds  they  designate  as  fluorenylides 


r   Me3N 


,NMe3Br 


CftH«Li 


EtaC 


VI 


The  salt  (VI)  when  shaken  with  phenyl  lithium  in  ether  solution 
yields  an  ocher-gold  powder  which  is  only  very  slightly  soluble 
in  ether. 

The  f luorenylide,  although  isolated,  was  not  analyzed  and 
its  chemical  reactions  were  used  to  substantiate  the  structure 
given.   It  is  not  (9-lithium-fluorenyl)-9-trimethyl-ammonium 
bromide,  since  decomposition  fails  to  yield  any  lithium  bromide. 
IV  is  stable  under  nitrogen,  but  readily  splits  out  trimethylamine 
in  the  air.   It  dissolves  in  water  to  give  a  strong  quaternary 
ammonium  hydroxide  which  may  be  titrated  and  is  readily  converted 
to  the  bromide  salt  (VI). 


The  f luorenylide  (IV)  does  not  undergo  the  Stevens  re- 
arrangement when  warmed,  but  replacement  of  one  methyl  group  by 
a  benzyl  group  makes  the  reaction  possible 


v /     ^Me2 

'  i  "^.CH3C6He 


VII 


::./■ 


■  •  -:. 

mm  .-■     -  •  "    ' 


- '  ■  * 


. 


f  *    ■        ?  -  •  •■ 


■x  ■:; 


Y 


«s  ■'-'<•. 


■-'■  -'"'■ 


• 
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the    solution  ^l  ?hfVens   °?ndltl°n«  Produced  a  dark  red   color   in 
une    solution   of   the   ammonium   salt   and   considerable   hept         a 
nearly  Quantitative    yield  of    fQ.ven,ff1    ^  racie  neat.      A 

(VII)   was   obtained        v?t   „      i  (0~~enzyl-f luorenyl  -dlmethylamine 
vvxx;    wds   oc^mea,      VII   could   ce   converted  re^dilv   tn    tL 

color,  and  VII  could  be  isolated  from  the  reaction  mixture. 
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STEREOCHEMISTRY  OF  ORGANIC  PHOSPHORUS  COMPOUNDS 


In  1908,  Meinsenheimer  (1)  successfully  resolved  ethyl- 
methylphenylamine  oxide  into  its  dextro  and  levo  forms  through 
the  d-camphorsulphonate  salts.   This  excited  immediate  interest 
in  the  synthesis  and  possible  resolution  of  various  organic 
derivatives  of  the  remaining  elements  comprising  group  V  of  the 
periodic  table.   Perhaps  the  most  interesting  series  of  in- 
vestigations of  compounds  in  this  category  is  that  dealing  with 
the  phosphorus  compounds. 

For  a  compound  to  be  resolvable,  it  is  necessary  that  the 
configuration  of  groups  about  either  a  tri-  or  tetra-covalent 
phosphorus  atom  should  be  definitely  non-planar  and  presumably 
tetrahedral  in  arrangement. 


R. 


A  discussion  of  the  various  phosphorus  compounds  which  fit  (in 
theory)  this  requirement  may  be  presented  conveniently  under 
three  divisions. 

I.  Phosphoric  and  Phosphonlc  Ac Id a  : 

Through  a  systemmatic  Investigation  of  the  configuration 
of  various  derivatives  of  phosphoryl  chloride,  Caven  (2)  con- 
cluded that  the  three  chlorine  atoms  on  phosphoryl  chloride  (i) 
occupied  equivalent  positions  in  space  and  therefore,  a  molecule 
of  the  type  (II)  would  exist  in  a  non-planar  form,  theoretically 
making  resolution  possible. 


CI 


,R, 


Oe-P—  -Ci 
\ 


oep. 


\ 


ci 


(i) 


R3 


(II) 


Caven  tested  his  conclusion  on  anilino-£-toluidinophosphoric 
acid  and  on  methoxy-jD-toluidinophosphoric  acid,  but  was  unable  to 
obtain  resolution  of  either  compound.   As  sn  explanation  of  this 
failure  Caven  suggested  a  possible  tautomerlsm  of  the  active 
hydrogen  atom,  which  would  result  in  racemlzation. 

Luff  and  Kipping  (3)  prepared  salts  of  phenyl-£-tolylphosphorlc 
acid  with  eight  different  optically  active  bases  but  were  unable 
to  obtain  separable  diasteroisomers.   They  postulated  the  follow- 
ing mechanism  for  racemlzation. 


RNHX  ^NHRf 
HC   >*0 


RNHX  ^NRf 
HO^  X0H 


RNHV  /NHR' 
0^   X0H 


) 
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In  support  of  the  racemlzatlon  theory,  these  workers  found  that 
while  the  d-hydrindamlde  made  from  phenyl-£-tolylphosphoryl 
chloride  was  composed  of  two  separable  diastereoisomers,  de- 
composition of  the  active  amides  produced  the  same  optically 
inactive  acid. 

The  neatest  evidence  for  the  existence  of  asymmetric 
phosphorus  in  this  group  of  compounds  was  obtained  by  Hatt  (4). 
He  separated  the  substituted  pyrophosphate  (III)  into  two  forms 
which  he  labeled  meso  and  racemic. 

0  0 

(C6H^3CP0PC(C6H5)3 

0  0 

|  ! 

CaHi  C8H5       III 

As  expected,  decomposition  of  the  separated  isomers  yielded 
identical  substituted  phosphoric  acids  with  no  optical  activity. 

II.  phosphonium  Salts: 

In  contrast  to  the  experience  of  organic  chemists  working 
in  the  nitrogen  series,  the  phosphonium  salts  have  defied 
resolution  (5)  (6)  (7). 

One  explanation  given  for  the  failure  of  these  compounds  to 
undergo  resolution  is  the  difficulty  in  obtaining  good  crystalline 
salts.   A  more  likely  explanation  advanced  by  Davies  and  Cox   (8) 
is  the  type  of  decomposition  equilibrium  of  -onium  salts  in  sol- 
ution which  actually  has  been  observed  in  the  ammonium  series. 

(abcdp)x  ^  abcP  +  dx 

Davies  and  Mann  (9)  have  pointed  out  that  all  phosphonium 
compounds  tested  had  contained  at  least  one  alkyl  radical  and 
they  suggest  as  a  final  test  of  resolution  the  preparation  of  a 
tetraaryl  phosphonium  salt  which  might  be  prepared  through  a  novel 
reaction  discovered  by  Chatt  and  Mann  (10). 


2  CeH5Br       KI        r      -i  +  . 

(C6H5)2PC1 ->  •>    (C6H5)4P   I 

Aim  «-       J 


The  reaction  would  need  to  be  modified  so  that  different  aryl 
groups  would  enter  the  molecule.   Prosecution  of  this  research 
awaits  the  end  of  the  war. 

III.  Tertiary  Phosphlne  Oxides  and  Sulphides : 
Following  his  resolution  of  ethylmethylphenylamine  oxide, 
Melsenheimer  (1)  proceeded  to  synthesize  and  test  the  correspond- 
ing phosphorus  compound.   In  1911,  he  and  Llchtenstadt  (11) 
reported  the  successful  resolution  of  ethylmethylphenylphosphine 
oxide  through  the  d-bromocamphorsulf onate  salt.   Melsenheimer 
also  reported  in  1926  (12)  that  methylphenylbenzylphosphine  oxide 
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had  been  resolved  after  a  fractional  crystallization  requiring 
more  than  a  year.   At  the  same  time,  he  reported  his  failure 
to  resolve  methylphenylbenzylphosphonium  camphorsulf onate. 

Assuming  that  Meisenheimer ' s  difficulty  in  obtaining 
crystalline  compounds  had  been  lack  of  sufficient  reactivity 
on  the  active  bases,  Davies  and  Mann  (9)  undertook  to  synthesize 
trisubstltuted  phosphines  with  a  carboxymethoxy-group  on  one  of 
the  aryl  substituents  for  ease  in  resolution.   They  report  the 
successful  synthesis  of  phenyl-p_-  (carboxymethoxy)-phenyl-n- 
butylphosphine  sulfide  and  its  resolution  through  the  d-oc-phenyl- 
ethylamine  salts. 


(C6H5)3Hg                     BuMgBr 
(C6H40CH3)PCla  *  (C6H5)(C6H40CH3)PC1  


1 


CeHsCOCl    HI 
(C6H5)(C6H4OCOC6K5)PC4H9  * « (C6H5) (C6H4OCH3)PC4H, 


i 


Ha0    BrCHaC00CaH5   Ka0 

(C6H5)(C6H4OCOC6H5)PC4H9  -* * 

( nw    ^ 


S 


(OH    Y 
(C6H5)(CsH4OCHaCOOH)PC4H9 


(dl) 


Acidification  of  the  active  salts  produced  active  acids  with 
molecular  rotation  of  +9.6  degrees.   Davies  and  Mann  propose 
prepare  oxides  and  selenides  as  well  as  the  sulfides  of  this 
type  of  compound  in  order  to  compare  their  effects  upon  the 
optical  activity  of  the  substituted  phosphines. 
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THE  aNaMOLOUS  COUPLING  OF  DIAZO  COMPOUNDS 
WITH  UNSATURATED  COMPOUNDS 
Adolf o  Quilico,  et  al.;  Reale  Politecnico,  Milano 


Marked  similarities  were  found  by  Quilico  to  exist  in  the 
reactions  of  sulfamic  acid  and  of  diazo  compounds  with  amines, 
phenols  and  phenolic  ethers.   Since  phenolic  ethers  substituted 
with  a  propenylic  side-chain  are  sulfonated  on  the  lateral  chain, 
a  study  of  the  action  of  diazo  compounds  on  phenolic  ethers 
with  unsaturated  side-chains  was  undertaken. 

The  reaction  between  anethole  (I)  and  £-nltrobenzenediazonium 
sulfate  (II)  was  first  investigated.   The  coupling  reaction  with 
anisole  proceeds  only  very  slowly,  but  Quilico  found  the  reaction 
with  anethole  in  glacial  acetic  acid  or  alcohol  leads  smoothly 
to  an  80-90  per  cent  yield  of  a  compound  which  was  identified  as 
the  p-nitrophenylhydrazone  of  anisaldehyde.   A  small  amount  of  a 
secondary  product  is  also  formed. 

o-CH3OC6H4CH=CHCH3  +  £-02NC6H4N2S04H  -*  CH30C6H4CH=NHNC6H4N02 
I  II  +      III 

CH3C=N-NHC6H4N02 
N=N-C6H4N02 

IV 

The  reaction  with  isosafrole  and  isoapiole  leads  in  an  analogous 
manner  to  the  p_-nitrophenylhydrazones  of  piperonal  and  apiolic 
aldehyde  (1). 

The  presence  of  a  free  phenolic  hydroxyl  group  does  not 
alter  the  course  of  the  reaction  in  neutral  media.   With  isoeugenol 
(V)  the  reaction  in  alcohol  gives  rise  to  the  corresponding 
hydrazone  (VI ),    but  coupling  in  alkaline  solution  yields  the  azo 
compound  (VII;  in  quantitative  yields  (2). 

9H 

ai^ho1  CH3C^N 


OH 


CHgOj^^ 


+£-02NC6H4N2S04H- 


<N 


CH=CHCH, 


CH=NNHC6H4N02 


VI 


V 


II 


jalkaline 

I — >         CH20f^ 

solution 


N=NC«H4N0 


6h4imw2 


VII 


H=CHCH. 


•    ••  • 


'  £'.  ■  .   •". 


>     •     I 


!::"•.  ...i 


-2-  IN 

Likewise,  with  o-and  p-hydroxypropenylbenzene  coupling  in 
alkaline,  solution  proceeds  normally,  but  from  alcoholic  solution 
the  hydrazones  are  obtained  in  60  per  cent  yield  (3). 

A  study  of  the  secondary  products  of  the  reaction  which  were 
obtained  in  each  of  the  above  experiments  showed  that  they  were 
all  identical  and  had  the  structure  of  £-nitromethylf ormazyl  (IV). 
It  is  probable  the  compound  is  formed  by  the  coupling  of  the 
£-nitrophenvlhydrazone  of  acetaldehyde  (VIII)  with  the  diazo 
compound  (4). 


CH3CH--fc-WNHC6H4N02  +  £-C2NC6H4N2S04H  -+  CH3C-=NNHC6H4N02 

R3a*=NCBH4NOa 


VIII  II  IV 

With  cinnamic  acid,  ethyl  cinnamate,  cinnamyl  alcohol, 
styrene,  and  safrole  no  comparable  reaction  takes  place  (2). 

Ainley  and  Robinson,  in  extending  the  study  of  this  reaction, 
found  that  jo-methoxy styrene  reacts  in  an  analogous  manner  with 
2,4-dinitrobenzenediazonium  sulfate  to  give  the  hydrazone  of 
anlsaldehyde.   They  also  confirmed  the  findings  of  Quilico  that 
6tyrene  does  not  give  rise  to  a  similar  reaction. 

p_-Nitrobenzenediazonium  chloride  reacts  with  £-methoxyphenyl- 
acetylene  in  alcoholic  solution  to  yield  the  hydrazone  of  p_-methoxy- 
phenylglyoxal  (5). 

£-CH3OC6H4C^^CJH  +  £-02NC6H4N2Cl  <-*  CH3OC6H4CCH=N-NC6H4N03 

With  £-dimethylaminopropenylbenzene  the  reaction  may  be 
forced  to  proceed  in  any  one  of  three  directions.   The  normal 
coupling  reaction  in  dilute  acetic  acid  leads  to  the  azo  compound. 
However,  when  p_-nltrobenzenebiazonium  sulfate  in  alcohol  is  added 
to  a  cold,  alcoholic  solution  of  p_-dlmethylaminopropenylbenzene 
the  hydrazone  of  p_-dimethylaminobenzaldehyde  is  formed.   Finally, 
when  the  order  of  mixing  is  reversed,  4-dimethylamino-4'-nitro- 
azobenzene  is  formed  in  nearly  quantitative  yields. 


£-(CH3)2NC6H4CH=CHCH3+p_-02NC6H4N2S04H 
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dil.HOAc      (CH3)2N<<^    ~^>CH=CHCH 


EtOH 
> 


II    to   XII 


EtOH 
— > 


XII    to    II 


XIII 

(CH3)2NC6H4CH=NNHC6H4N02 
XIV 

£-  (CH3 )  2NC6H4N=NC6H4N02-tp_ 
XV 


The   last  reaction  has  also  been   carried   out  with  jD-dimethylamino- 
benazldehyde  and  di-(£-dimethylaminophenyl)carbinol    (6). 

Mechanism 

The  mechanisms  for  the  above  reactions  are  obscure,  and 
until  more  is  known  of  the  structure  of  aromatic  diazo  compounds 
and  their  action  as  oxidizing  agents  the  exact  mechanisms  will 
lie  in  doubt.   Quilico  (7)  points  out  other  cases  of  oxidation 
with  aromatic  diazo  compounds:  e.g.,  the  G-riess  reaction  and 
the  oxidation  of  pyrrole  to  pyrrole  black.   Angell  (8)  using  his 
postulated  structure  for  the  normal  diazohydrate,  and  Quilico  (9) 
consider  the  reaction  as  proceeding  by  the  mechanism  outlined 
below. 


ArCH=CHCH3 

*    t 

Ar '  NaIf4»  0 


Al1-NHAr»   +CH3CHO    or, 


ArCH 
0^ 


CHCH3 
-HN2Ar' 


ArCHO  +  CH3GH 


i 


NHAr' 


In  the  latter  case  the  hydrazone  is  not  isolated  as  such  but 
reacts  with  a  second  molecule  of  the  diazohydrate  to  yield  the 
formazyl  compound. 

In  the  reaction  with  p_-dimethylaminopropenylbenzene  to  yield 
the  abnormal  azo  compound,  no  secondary  reaction  product  has  been 
isolated.   Quilico  postulated  that  the  propenyl  group  is  expelled 
to  yield  propionaldehyde,  and  with  the  aldehyde  the  formyl  group 
is  expelled  to  yield  formic  acid  (6). 

The  reaction  with  aromatic  acetylenes  is  more  easily  ex- 
plained by  a  1-2  addition  of  the  diazohydroxide  (5), 
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POLYMERIZATION  OF  ETHYLENIMINE 
Giffln  D.  Jones,  State  University  of  Icwa 

Ethylenimine  may  be  prepared  by  the  method  of  Wenker  from 
ethanolamine,  or  by  the  method  of  Berchet  from  p~chloroethyl- 
amine  hydrochloride.   It  is  a  liquid  boiling  at  56°;  it  will 

H0CHaCH2NHs  +  H2S04  -*  ~03S0CHaCH3NH3+  * 


H30  +    S03~NH 

6CHO-4HO    w  AT, 


& 


Ch3CH3 

/■ 

C1CH3CH3NH3'HC1  +  2Na0H' 

remain  unchanged  indefinitely  in  the  absence  of  carbon  dioxide. 
Catalysts  which  will  bring  about  polymerization  are  (1)  acids, 
(?)    alkylating  agents,  (3)  oxidizing  agents,  (4)  other  electron 
acceptors,  and  (5)  ammonia.   Polymerization  is  often  violent. 

Kern  and   Brenneisen  have  pointed  to  the  following  evidence 
as  being  in  suoDort  of  a  condensation  mechanism  of  polymeriza- 
tion:  the  ineffectiveness  of  alkaline  catalysts,  the  failure  of 
quinone  as  an  Inhibitor,  and  the  large  fraction  of  dimer  found 
in  the  oroduct.   Such  a  condensation  might  go  by  way  of  p~ 
chloroethylamine  formed  as  an  intermediate  by  the  action  of 
hydrogen  chloride  catalyst. 

An  addition  mechanism  has  been  presented  by  Jones.   This  is 
not  the  slow,  stepwise  addition  such  as  that  found  by  Perry  and 
Hibbert  for  the  Dolymeri zation  of  ethylene  oxide,  but  a  rapid 
chain  reaction  starting  from  an  active  center  according  to  the 
scheme 


+ 


R    T   CH3CH2    — >       UHgCH; 


monomer 


9Ss  +  monomer  9&5  +  f        1 

|J>NHCH8CH3NHR     -»     |>Nh4.CH3CH#NH4-R 
CH2  CK2    l  Jn 


It  is  believed  thrt  this  occurs,  not  by  an  ionic  procedure  in- 
volving a  preliminary  opening  of  the  ring,  but  by  an  3^2,    or  bi- 
molecular  inversion,  reaction.   Branching  may  occur  through 
proton  transfer. 

The  stability  of  ethylenimine  in  the  absence  of  acid  cata- 
lysts seems  to  preclude  any  stepwise  addition  mechanism.   Jones 
was  able  to  show  that  under  rnhydrous  conditions  hydrogen  chloride 
will  cause  polymerization  although  no  p-chloroethylamine  appears 
to  be  present,  ^nd  this  compound  p-lonp  polymerizes  only  very 
slowly  at  room  temperature  although  it  causes  rapid  polymerization 
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of  ethylenimine;  these  fpcts  oppose  p  condensation  mechanism.   The 
structure  of  the  low  polymers  Isolated  from  the  polymerization  of 
unsymmetricplly  substituted  ethylenimines  favors  bimolecular  in- 
version rather  than  an  ionic  ring  opening. 
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MECHANISMS  OF  ELIMINATION  REACTIONS 
Hughes  and  Ingold,  University  College,  London 

During  the  period  from  1927  to  1940,  Hughes,  Ingold,  and 
coworkers  determined,  "by  studies  of  reaction  kinetics,  the 
mechanisms  by  which  substitution  and  elimination  reactions  occur. 
Their  work  on  elimination  reactions  will  be  the  subject  of  this 
paper;  the  substitution  mechanisms  which  they  established  will, 
however,  be  reviewed  first  (1),  as  they  show  great  similarities, 
to  the  elimination  mechanisms. 

Briefly,  Hughes  and  Ingold  have  shown  that  substitutions 
may  occur  by  either  of  two  mechanisms.   If  the  hydrolysis  of 
alkyl  halldes  by  hydroxide  ions  in  the  presence  of  a  solvent  is 
used  as  an  example,  these  two  mechanisms  may  be  formulated  as 
follows. 

1)  OH"   +  RX  ->  ROH   +  X"       (SN2) 

The  reaction  is  experimentally  bimolecular;  the  speed  of 
reaction  is  proportional  to  the  concentration  of  the  hydroxide 
ion  and  also  of  the  alkyl  hallde.   The  attack  by  0H~  and  the 
release  of  X"  occur  simultaneously. 

si  ow 

2)  RX     ->    R   +  X"         (S^-l) 


solvent 


+ 


rapid 


R   +  OH     ->    ROH 

The  reaction  is  experimentally  unimolecular;  the  speed  is 
proportional  to  the  concentration  of  the  alkyl  halide  only,  and 
is  Independent  of  the  hydroxide  ion  concentration.   The  ionization 
of  RX  is  the  slow  rate-determining  step. 

Factors  which  determine  which  of  the  above  mechanisms  will 
operate  in  any  particular  case  include: 

a)  Nature  of  R.   An  increase  in  electron-release  in  R  favors 
Sjjl  relative  to  Sm2.   For  example,  in  alkaline  aqueous  alcohol, 
MeX  and  EtX  undergo  S;\j2,  Iso-PrX  undergoes  S^l  and  Sj|2,  and 
_t-BuX  undergoes  S^l  substitutions  (2).   In  general,  primary 
halides  undergo  Stf2,  and  secondary  and  especially  tertiary  halides 
undergo  S^l  substitutions. 

b)  Nature  of  X.   An  increase  in  electron-affinity  of  X 
favors  Sftjl  to  a  greater  extent  than  Sg2.   For  example, 
[Ets(Et)2]  and  Br  in  acetone  solution  form  EtBr  by  an  Swl 
substitution;  EtCl  and  Br""  in  acetone  form  EtBr  by  S^S  (S(Et)3 
is  more  electron-attractive  than  Cl~)  (3). 

c)  Nature  and  concentration  of  base.   An  increase  in 
basicity  or  in  concentration  of  the  base  favors  S^2. 
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d)   Nature  of  eolvent.   An  ionizing  solvent  favors  &*a\» 

Further  work  by  Ingold  and  Hughes  (4,5,6,7,8,9)  has  demon- 
strated experimentally  that  elimination  reactions  also  occur  by 
two  mechanisms,  similar  to  those  for  substitutions. 

I)   OH"  +  H-OT^CRs^  -*  HOH  +  CR2=CR2  +  XT       (E2) 

The  reaction  is  experimentally  bimolecular;  the  speed  of 
reaction  is  proportional  to  the  concentrations  of  both  OH  and 
RX.   All  electronic  transfers  occur  simultaneously. 

v  slow  + 

II   H-CR2-CR2-X  ->      H-CRo-CRo   +  X  El) 

2   3   solvent     23 

rapid  + 

H-CR2-CR2      ->    CR2=CR2  +  H 

The  reaction  is  experimentally  unimolecular;  the  speed  of 
reaction  is  proportional  to  the  concentration  of  RX  only,  and 
is  independent  of  the  OH""  concentration.   The  rate-determining 
step  is  the  slow  ionization. 

An  independent  proof  of  the  unimolecular  elimination  mechan- 
ism comes  from  a  study  of  the  change  in  the  reaction  rates  and  in 
the  percentages  of  olefin  formed  in  a  series  of  alkyl  halides, 
where  R  is  constant  but  X  varies.   If  the  reaction  is  proceeding 
by  a  unimolecular  mechanism,  the  relative  rates  of  the  total 
reaction  (both  substitution  and  elimination)  should  vary  as  X 
varies,  since  each  of  the  alkyl  halides  will  ionize  at  an  inde- 
pendent rate.   But  the  percentage  of  olefin  formed  should  be 
approximately  constant  as  X  varies,  since  it  depends  only  on  the 
inherent  tendency  of  R  either  to  lose  H+  (elimination)  or  to 
gain  OH"  (substitution). 

These  theoretical  predictions  have  been  confirmed  for 
p-n-octyl  cHoride  and  bromide.   The  rates  of  the  total  first 
order  reaction  (ki)  are  in  the  ratio  1:33;  but  the  proportion 
of  olefin  formed  (kEl)  is  approximately  the  same,  0.13  for  the 

kl 
chloride  and  0.14  for  the  bromide.   Similar  results  were  obtained 
with  the  corresponding  _t-Bu  and  t-amyl  compounds. 

The  factors  determining  which  mechanism  will  operate  in  any 
particular  case  are  the  same  as  those  influencing  the  mechanism 
of  the  substitution  reaction. 

A)  Nature  of  RX.   Unimolecular  eliminations  have  been  found 
with  secondary  and  tertiary,  but  not  with  primary  halides.   This 
is  expected,  as  secondary  and  tertiary  alkyl  groups  are  more 
electron-repulsive  than  primary. 

B)  Nature  and  concentration  of  the  base.   Previous  literature 
contained  many  discrepancies  in  regard  to  the  percentage  of 
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olefine  forced  from  halides.   Brusoff  (10),  for  example,  found 
the  sequence  secondary  ^  tertiary ,  while  Segaller  (11)  found 
secondary <  tertiary.   Hughes  and  Ingold  have  been  able  to 
reconcile  all  previous  results  by  taking  into  account  the 
differences  in  the  concentrations  of  the  bases  and  in  the 
basicity  of  the  bases  used  in  the  different  studies. 

When  a  given  halide  is  treated  with  a  strong  base,  it  is 
found  experimentally  and  deduced  theoretically  that  the  percent- 
age of  olefin  formed  remains  approximately  constant  so  long  as 
the  total  order  of  the  reaction  remains  constant.   For  a 
unimolecular  reaction,  the  percentage  of  olefin  is  given  by 

El .   As  the  alkalinity  is  increased,  the  mechanism  gradually 

SJJl  +  El 

changes  to  a  bimolecular  one;  and  the  percentage  of  olefin  formed 
gradually  changes  to  a  new,  larger,  and  again  approximately 
constant  value,  given  by    Eg      The  percentage  of  olefin 

SN2  +  E2 
formed  by  either  the  pure  bimolecular  or  the  pure  unimolecular 
mechanism  is  generally  greater  for  a  tertiary  halide  than  for  a 
secondary  halide;  but  the  change  from  El  to  E2  kinetics  as  the 
alkalinity  increases  occurs  sooner  for  the  secondary  halide. 
Consequently,  during  the  period  of  changing  order,  the  secondary 
halide  may  show  a  greater  tendency  for  olefin  formation  than  the 
tertiary  halide  (Brusoff  sequence);  while  at  either  higher  or 
lower  concentrations  of  alkali,  the  Segaller  sequence  is  main- 
tained. 

For  a  weakly  basic  reagent,  such  as  C6H50~  or  AcO~",  the 
nucleophilic  activity  for  H  is  low,  but  the  nucleophilic  activity 
for  C  is  still  appreciable.   Hence  the  percentage  of  olefin 
formed  in  the  bimolecular  reaction  will  be  small,  as  the 
substitution  (attack  on  C)  will  be  favored  over  the  elimination 
(attack  on  H) .   If  the  percentage  of  olefin  formed  by  the 
bimolecular  reaction  falls  below  that  of  the  unimolecular,  but 
the  tertiary  halides  still  show  greater  olefin  production  than 
the  secondary  for  the  kinetically  pure  reactions,  there  will  be 
no  inversion  such  as  was  found  with  strong  bases.   The  tertiary 
halides  will  show  over  the  whole  concentration  range  a  higher 
percentage  of  olefin  produced.   This  explains  Mereehkowsky' s 
and  Segaller 's  results  (12),  where  the  sequence  tertiary  > 
secondary  was  found  over  the  whole  concentration  range,  using 
C6H50~  and  AcO~  as  bases. 

C)  Nature  of  solvent.   With  an  increase  in  solvating 
(ionizing)  power  of  the  solvent,  the  pure  bimolecular  mechanism 
will  gradually  change  to  the  pure  unimolecular  mechanism.   The 
change  from  bimolecular  to  unimolecular  kinetics  will  come 
earlier  for  the  tertiary  than  for  the  secondary  halide.   If  the 
percentage  of  olefin  formed  is  greater  for  the  tertiary  compounds 
for  both  the  pure  uni-  and  the  pure  bimolecular  mechanism,  an 
Inversion  (such  as  was  found  with  strong  bases)  may  occur  in  a 
solvent  of  intermediate  solvating  power. 


w 
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It  is  evident  that,  with  a  knowledge  of  the  manner  in 
which  the  reaction  ratec  for  Bjjl,  S^2,  El,  and  E2  vary  with 
constitutional,  reagent,  and  solvent  changes,  a  study  of  only 
a  few  members  of  a  series  will  enable  one  to  make  semi- 
quantitative predictions  as  to  the  course  of  reaction  of  the 
other  members. 
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WURTZ  TYPE  REACTIONS 
A.  A.  Morton,  Massachusetts  Institute  of  Technology 

Extensive  work  has  been  carried  out  on  the  mechanism  of  the 
Wurtz  reaction.   Three  mechanisms  for  this  reaction  have  been 
offered,  involving  the  formation  of  free  radicals, 

£RX   +  2M  ->  2R-   +   2MX 
2R*  -►  RR 
the  intermediate  formation  of  an  organoalkali  intermediate, 

RX  +  2M  ->  RM  +  MX 

RM  +  RX  ->  RR   +  MX 

and  a  combination  of  the  two. 

Because  of  the  number  of  products  obtained  from  this  reaction 
the  free  radical  mechanism  has  received  considerable  support.   The 
products  usually  obtained  are:  (1)  a  saturated  hydrocarbon  R-R; 
(2)  a  saturated  hydrocarbon  RH;  (3)  an  unsaturated  hydrocarbon 
R(-H);  and  (4)  polymeric  material. 

Bachman  and  Clarke  obtained  triphenylene  and  p_-diphenylbenzene 
from  a  reaction  mixture  of  sodium  and  chlorobenzene.   Their 
formation  can  be  satisfactorially  explained  on  the  basis  of 
intermediate  phenyl  radicals  which  in  turn  may  unite  to  give 
triphenylene. 

2CgH5*    ►  C6Hg   +  CgH^ 

3C6H^C    >    CsH^—CsH^ 

C6H4 

or  the  phenylene  and  phenyl  radicals  can  combine  to  give 
o-diphenylbenzene 

CgHs*   +  C6H4   +  CeH5*  — >    C6H5C6H4C6HS 

Another  characteristic  common  to  Wurtz  reactions  is  the 
appearance  of  color,  usually  blue,  which  later  fades.   Such  an 
appearance  of  color  is  sometimes  taken  as  an  indication  of  the 
presence  of  free  radicals. 

Additional  kinetic  studies  by  Richards  on  the  action  of 
ethyl  iodide  and  sodium  Indicated  that  the  reaction  was  first 
order  with  respect  to  the  iodide  concentration  and  led  him  to 
assume  there  was  a  high  concentration  of  radicals  at  the  sodium 
surface.  These  radicals  could  react  by  disproportionation  to 
give  ethane  and  ethylene,  or  with  the  less  concentrated  ethyl 
iodide  to  give  butane. 
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Proponents  of  the  organoalkali  intermediate  mechanism 
have  more  direct  evidence  to  substantiate  their  theory.   Morton 
and  co-workers  have  carried  out  the  most  extensive  studies  of 
this  reaction. 

Oilman  and  Pacevitz  poured  the  reaction  mixture  of  sodium 
and  amyl  chloride  on  solid  carbon  dioxide  and  isolated  caprolc 
acid  showing  that  there  was  one  amyl  radical  for  every  sodium 
rather  than  a  mixture  of  "amylldene  di sodium."   This  same 
observation  was  made  with  butyl  sodium.   The  importance  of  this 
work  is  that  it  brings  the  formation  of  alkyl  malonic  acids  into 
line  with  that  observed  for  phenyl  malonic  acid.      The  malonic 
acid  is  a  product  of  a  secondary  reaction  thus  eliminating  the 
necessity  of  assuming  the  intermediate  free  radical  which  account- 
ed for  the  supposed  dlsodlum  compound 

C02  RCH2Na 

RCH2Na   -»   RCH2COONa    -*> 

C02 
RCH(Na)COONa   -♦   RCH(COONa)2 

Morton  found  that  highest  yields  of  the  organometallic 
compound  could  best  be  obtained  by  the  presence  of  an  excess 
of  finely  divided  sodium,  the  absence  of  a  protective  coating 
on  the  sodium  and  an  unreactive  carbon-halogen  bond. 

In  order  to  fulfill  the  first  requirement  a  method  was 
devised  for  preparing  extremely  finely  divided  sodium  sand. 

Microscopic  observation  of  a  sodium  partical  Indicated  that 
a  primary  halide  produced  an  insoluble,  colloidal,  jelly-like 
mass  which  was  gradually  pushed  out  as  more  of  the  halide 
diffused  into  the  sodium.   Secondar.,  halides,  on  the  other  hand, 
apparently  produced  hard  impenetrable  coatings. 

Best  results  for  securing  organometallic  compounds  were 
obtained  with  alkyl  halides  that  would  not  react  too  readily 
with  the  organometallic  compound. 

If  the  Wurtz  reaction  can  be  divided  into  two  steps  in 
which  the  first  step  is  the  formation  of  the  organometallic 
intermediate,  the  products  obtained  can  be  explained  by  reaction 
of  this  intermediate  with  an  alkyl  or  aryl  halide  to  form  the 
second  step. 

Disproportlonation  has  been  generally  accepted  as  an 
indication  of  free  radicals;  however,  a  mechanism  for  this 
phenomenon  by  way  of  an  organometallic  intermediate  is  possible. 
If  an  alkyl  halide  and  an  alkyl  sodium  come  together  in  such  a 
way  that,  while  the  sodium  halide  is  being  formed,  the  alkyl 
chains  are  adjacent  to  one  another,  the  two  alkyl  residues  will 
be  drawn  to  one  another  and  the  proton  will  be  drawn  to  the 
alkyl  residue  having  the  two  unsaturated  electrons. 
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If  this  is  to  be  accepted,  the  olefin  produced  must  come 
from  the  halide  rather  than  at  random.   This  conclusion  is 
obscured  by  the  fact  that  metal-halogen  interchange  does  take 
place  and  the  olefin  appears  to  be  formed  somewhat  at  random. 
Morton,  Davidson,  and  Hakan  treated  octyl  sodium  and  amyl 
sodium  with  various  halides  and  found  that  in  all  cases  the 
alkane  of  the  sodium  compound  predominated  over  the  alkene  from 
the  halide. 

The  formation  of  polymers  can  also  be  explained  by  the 
organometalllc  mechanism.   A  reaction  between  amyl  sodium  and 
chlorobenzene  produced  more  polymer  than  when  the  phenyl  sodium 
was  reacted  with  amyl  chloride. 

Use  of  the  or^anometallic  mechanism  explains  the  above 
observation  and  indicates  that  ortho  substituted  polymer  should 
predominate  and  the  polymers  should  have  more  phenyl  units  in 
it  than  any  other  type.   This  is  borne  out  by  experimental 
evidence . 
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Metalation  of  Ring  Compounds 

Reaction  of  amyl  sodium  with  bicyclic  compounds  and 
carbonation  of  the  mixture  showed  that  metalation  occurred 
readily  in  a  number  of  places.   The  end-products  from  naphthalene 
were  both  mono-carboxylic  acids,  at  least  three  aicarboxyiic 
acids  and  some  tricarboxylic  acid.   Acenaphthene  and  decalin 
were  both  readily  attacked. 

Ey  proper  control  of  the  temperature,  quantity  of  reagents 
used  and  efficiency  of  stirring,  benzene  and  toluene  can  be 
dimetalated.   Carbonation  of  the  dimetalated  products  gives 
isophthalic  and  homoisophthalic  acids  respectively. 

The  fact  that  the  dimetalated  products  of  benzene  and 
toluene  are  exclusively  met a  substituted  can  be  explained  if 
it  is  assumed  that  the  monometal'dted'  compound  is  formed  first. 
If  this  product  is  a  salt  and  acts  as  an  ion-pair  then  the 
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s odium  ion  will  be  so  close  to  the  anion  that  it  will  exert  a 
met a  directive  influence  on  the  anion. 

The  m-  and  jd- xylenes  are  attacked  on  the  methyl  groups 
exclusively,  whereas,  c_-xylene  undergoes  some  nuclear  metalation, 
presumably  after  one  sodium  atom  has  been  introduced  to  a  methyl 
group.   Alkylation  of  the  monometalated  products  yields  the 
corresponding  methylhexylbenzene .   Carbonation  of  the  dimetalated 
products  yields  the  corresponding  phenylene  diacetic  acids.   The 
alkylation  and  metalation  of  the  xylenes  proceeds  with  greater 
difficulty  than  the  corresponding  reaction  of  toluene. 

The  results  indicate  that  the  presence  of  alkyl  or  methyl 
groups  causes  the  metalation  to  proceed  with  difficulty.   The 
maximum  effect  could  be  expected  when  the  alkyl  group  is  adjacent 
to  the  position  being  attacked  and  might  alone  be  sufficient  to 
explain  the  observed  results. 

Amyl  sodiu.:.  introduces  a  second  sodium  atom  into  furan 
with  little  difficulty.   Carbonation  of  the  dl sodium  compound 
yields  2,5-furandicarboxylic  acid.   At  first  glance  it  would 
appear  that  the  result  would  be  in  direct  disagreement  with 
those  observed  for  benzene  and  toluene  in  which  the  substitution 
was  exclusively  in  the  met a  position.   It  is  possible  that  the 
meta-dlrectlng  influence  of  the  sodium  ion  is  overcome  by  a 
"strong  ortho-directlng  influence  such  as  the  ether  linkage  in 
furan. 
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DEVELOPMENTS  IN  THE  CHEMISTRY  OF  ORGANIC 
SILICON  COMPOUNDS.   THE  SILICONES. 

The  study  of  organic  silicon  compounds  was  begun  nearly 
eighty-five  years  ago  and  the  basic  work  on  the  silicones  was  done 
over  forty  years  agoe 

Kipping  suggested  a  method  of  nomenclature  such  that  the 
silicon  compounds  would  parallel  their  carbon  analogs.   Though 
the  literature  dees  not  conform  to  any  one  system  of  nomencla-* 
ture  some  characteristic  terminology  is  as  follows. 

SiH4  Silane  or  sillcane 

Si(CeH5)4  Tetraphenylsilane 

SiH3(OK)  Silicol  or  silicanol 

Ph3si(CH)  Triphenylsilicol 

S1H2(0H)2  Silicanediol 

EtgSiO  Diethylsilicone 

RSi03H  A  siliconic  acid  or  a  metasilicic  acid 

Si(OC2H5)4  Ethyl  orthosilicate 

C2H5Si(0C2H5)3  Ethyl  ethane  orthosilicate  (or 

siliconate) 

Early  work  in  the  field  of  organic  silicon  compounds  was 
published  in  1866  by  Friedel  and  Crafts.   At  that  time  they 
described  their  procedures  for  synthesizing  ethyl  orthosilicate 
from  silicon  tetrachloride,  and  the  procedures  for  making  the  di~ 
and  trichloro  derivatives  as  well. 

SICl*  +  4CH3CH20H  ->  Si(OC2H=)4  +  4HC1 
3Si(0C2H5)4  +  SiCl4  ->  4ClSi(0C2H5)3 
2C1S1(0C2K5)3  +  S1C14  ->  3Cl2Si(0C2H5)3 

They  also  demonstrated  the  chlorinatlon  of  the  orthosill- 
cates  by  acetyl  chloride,  and  the  substitution  of  alkoxyl  groups 
by  refluxing  the  chloro  compound  with  an  alcohol. 

Si(0C2H5)4  +   CH3C0C1  -^     C1S1(0C2H=)3  +  CH3C00C2H5 
ClSi(0C2H5)3  +  C5H1]LOH  -»  (H^CsOjSlCOC^s  )3 

Ladenburg  in  1874  brought  about  the  introduction  of  alkyl 

and  aryl  groups  into  the  silicon  compounds  by  the  use  of  zinc 

and  mercury  alkyle  and  aryls,  so  that  a  direct  C-Si  bond  was  es- 
tablished. 

S1(0C2H5)4  +  Zn(CH3)2  -+  CH3Si(OC2H5  )3  +  ZnCH3(OC2H5) 
SiCl4  +  Hg(C6H5)?  -+  C6H=S1C13  +  HgC6H5Cl 
SICl*  +  2Zn(C2H5)2  ->  Si(C2H5)4  +  2ZnCl2 
2S1C6H5C13  +  3Zn(C2K5)2  -»  2SIC6H5 (C2H5 )3  +  3ZnCl2 

p 

Polls  did  further  work  on  the  synthesis  of  compounds  of  thi 6 
type,  and  converted  some  to  the  hydroxy  derivatives.   He  first 
made  trlphenyl  silicol  from  tetraphenyl  silane  by  chlorinating 
then  hydrolyzing  with  dilute  ammonium  hydroxide. 


(C6H5)4Si   -►    (C6H5)3S1C1 
PC1K 
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(C6H5)3S1C1    ->    (C6H5)3SiOH 
NH4OH 

The  Sillcol,  in  turn,  can  be  transformed  into  the  oxide 
(ether)  by  boiling  with  10$  hydrochloric  acid, 

HC1 
(C6H5)3S10H       ->       [(C6H5)3Si]20 

10$  aqueous 

It  was  not  until  Kioping  became  interested  in  the  field  of 
organo-silicon  compounds  that  intensive  investigations  were  car- 
ried out.   It  was  while  studying  the  by-products  of  the  reaction 
to  form  tetraphenylsllane  that  he  encountered  a  product  which 
analyzed  for  diphenyl  silicone,  (C6H5)2Si  =  0.   He  reported  that 
It  bore  little  or  no  resemblance  to  its  carbon  analog  and  thought 
the  material  to  be  a  polymer. 

Discovery  in  1903  that  SiCl4  could  react  with  Grignard  re- 
agents opened  a  new  field  for  research.   Kipping  thus  prepared 
the  ethyl,  propyl,  phenyl  and  benzyl  derivatives  of  silane. 

SICI4  +  EtMgBr  ->  EtSlCl3  +  MgClBr 
EtSiCl3  +  MgPhBr  -»  EtSiPhCl2  +  MgClBr 
EtSlPhCl3  +  MgPrBr  ->  EtSlPhPrCl  +  MgClPr 
EtSlPhPrCl  +  MeMgl  ->  EtSiPhPrMe  +  MgClI 

The  chlorides  can  then  be  easily  hydrolyzed  to  the  corres- 
ponding hydrols. 

(C6H5CH2)3S1C1   -»   (C6H5CH2)S10H  tribenzyl  silicol 

H20 

(C6H5CH2)2S1C12   ->   (C6H5CH2)2Si(0H)2  dibenzyl  sllicanedlol 

H20 

(C6H5CH2)S1C13   ->   (C6H5CH2)2Si02H  benzyl  sillconic  acid  or 

H20  benzyl  metasilicic  acid 

The  silicol  can  be  converted  to  the  oxide  by  heating  with  10$ 
lydrochloric  acid.   Ethyl  and  tolyl  metasiliglc  acid  can  be  con- 
certed to  the  oxide  by  merely  heating  to  100  ,  but  the  benzyl  is 
jnchenged  after  seven  hours  at  150°,  or  even  in  boiling  acetic 
3nhydrlde. 

The  slllcanediols  can  be  dehydrated  by  heat  or  chemical  agents 
to  the  corresponding  silicones  and  condensation  products.   The 
silicones  undergo  condensation  end  polymerization  so  readily  that 
nuch  difficulty  was  encountered  in  identifying  the  reaction  pro- 
lucts. 

(C6H5)2Si(0H)2    ->   HOSlPhgOSiPhgOH 

~H20 

-H20 

tri-  and  tetra-     —  H0SiPh20SlPhs0SlPh30H 

dehydration       -H20 

products 
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The  formation  of  cyclic  products  of  the  type  (SiPh20)3  was 
also  noted.   These  then  condense  further  with  heat  to  give  poly- 
mers of  a  probable  unit  structure  [-R2SiO-]. 

The  mono-  and  trlhydric  sillcols  similarly  yield  condensation 
products. 

2R3SiOH  -»  R3SiOSiR3        2RSi(0H)3  -*  (RSiO)20 

In  the  case  of  diethyl  silicon  dichloride,  the  dihydrol  form 
wee  not  isolated  and  apparently  the  product  spontaneously  elim- 
inated wpter  to  form  the  silicone  and  condensation  products.   It 
had  previously  been  reported  thpt  the  silicones  and  siliconic 
acids  bore  little  if  any  resemblance  to  their  carbon  analogs  and 
would  not  undergo  typical  ketone  and  carboxyl  reactions.  The 
formation  of  the  condensation  products  very  probably  account  for 
this. 

Intprmolecular  condensation  of  the  silicanediols  and  the 
silicanetrlols  has  yielded  solid  polymers  probably  with  a  cross- 
linked  structure. 

-SiRs-0-SiR-0-SiR20 

i 
-SiR2-0-SiR-OSiR-0- 

6 
i 

These  complex  condensation   and  polymerization  products  are 
the   chief   constituents   of    the  widely-heralded   silicone   rubber. 

In   addition   to   linkage    through   oxygen,    as   exemplified  by   the 
silicone   condensates,    direct   silicon-silicon   bonds  have   been 
formed  by   coupling  alkyl   and  aryl   chlorosilanes  with   the   aid   of 
sodium. 

2Bzx  Bz\  SE>z 

Et-SiCl     ->       Et-Sl-Si    Et 
Pr/  Na      Pr^  Npr 

Post   and   Hofrichter  prepared   orthosilico  propionates, 
valerates,    benzoates,    etc.,    by   the   use   of   the   desired  Grignard 
reagent,    followed  by  refluxing  with   the   appropriate   alcohol. 

Si(OC2H5)4   +   CaHBMgBr     -*     CaH5Sl ( OCaH5  )3    +   C2H50MgBr 

C2H5Si(OC2HB)3   +    3C3H70H     ->    C2H5Si ( OC3H7 )3   +    3C2H50H 

71. 3#  yield 

Silicoketels  were  also  prepared  by  the  action  of  Grignard 
reagents  on  ethyl  orthosilicate  as  shown  previously  by  Helferich 
and  Hausen. 


. 
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Alkyl  orthosiliconates  can   be   acetylated  with   acetic   anhydride 
to   form  mono-  and   diacetylation   products.      Post   and  Hofrichter 
have  proposed   the  following  reversible   ionic   mechanism  for   the 
formation  of   these  products. 

C3H5Si(0R)3     *±    C2H5Sl(0R)2+   +   OR" 
(CH3C0)20     =>     (CH3C00)~  +    (CH3C0)"r 
CaHBSi(0R)a      +    (CH3COO)-     ^±    CH3C00SiC2H5(0R)2 
(CH3CO)+  +   OR"    *±    CH3COOR 

For   the   diacetylation  product   a    second  ionization   is  neces- 
sary.     For   example   the   case   of    ethyl   orthosilicate. 

CH3C00Si(0C2H5)3j_^L      CH3C00Si(0C2H5)2+  +    (OC?H5)" 
CH3COOSi(OC2H5)2      +    (CH3COO)-    £±     ( CH3C00 )2Si(0C2H5 )2 

Intermolecular   decomposition   can   be  predicted   to    take  place 
to   form  high   molecular  weight  products. 

CH3C00S1(0C2H5)3     Z±     (CH3C0)++[0Si(0C2H5)3r 
CH3COOSi(OC3H5)a      +   [OSi(  0C2H5  )3]~     -»    High   mol.    wt .    products 

Whitmore  has    studied  the  reactivity   of   carbon-chlorine   bonds 
in   various  positions  relative   to    the    silicon   atom  by   use   of 
Grignard  reagents.      If   n-propyl   trlchlorosilane   is   chlorinated 
with   sulfuryl   chloride,    a  mixture   of   the   monochlorinatlon  products 
Is   obtained   in   90#   yield,    13. 3#  going  alpha,    46.7^   beta,    and  40.0^ 
gamma .      Hydrolysis   also   indicates   a    similar   order   of   reactivity 
with   the  beta   C-Cl  bond  approaching  that   of   the   Si-Cl   bond.      While 
the   alpha   chloro-  product   is  not   attacked  by   Grignard  reagents   the 
beta  chloro-  product   yields   the    tetra    substituted  product   and 
ethylene.      The  mechanism  of   this   is   explained  by  Whitmore   and 

CH2C1CH3S1C13   +    4CH3MgBr     ->     (CH3)4Si   +   CHa=CH3   *   4MgBrCl 

colleagues  as   follows:      The   trisubstitution  product   is   first 
formed  by   the   reaction  which   coordinates   at   the   beta    chlorine 
atom  with   the   Grignard  reagent   resulting   in   an   electrons  displace- 
ment  away   from   the   beta   chlorine   atom. 

R3S1CH3CH2C1   +  RMgBr     -*    R3S1CH2CH2C1     -*    MgR 

6r 

Magnesium  chlorobromide  is  then  eliminated  leaving  the  beta 
carbon  with  en   open  sextet.   A  simultaneous  shift  of  the  electron 
pair  from  the  C-Sl  bond  to  the  deficient  carbon,  results  in  the 
formation  of  ethylene. 


R3SiCH2CH2Cl  ->  MgR  ->  R3SiCH2CH2+  +  R:~  +  MgBrCl 

^     +  *r   + 

R3S1CH2CH2        -►    R,Si      +    CH2=CH2 


The   electrically   deficient    silicon   then   combines  with   the   alkyl 
group   of   the   Grignard. 

R3Si+  +  R:~    -»    R4S1 
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The  only  orgsno-silicon  compounds  which  hnve   become  com- 
mercially important  ^s  yet  pre  the  silicone  and  ethyl  (ortho) 
silicate,  the  latter  hpving  been  reported  used  as  a  binder  in 
sane  molds.   The  silicones  are  of  greater  national  interest,  at 
present,  and  seemingly  have  a  broad  field  of  uses. 

Though  the  Grignard  synthesis  has  heretofore  been  regarded 
mainly  as  a  laboratory  tool,  it  appears  that  in  the  case  of  the 
silicones  it  is  used  on  a  commercial  scale  that  may  assume 
gigantic  proportions.   Some  of  the  silicones  upon  which  patent 
rights  are  sought  are  the  dimethyl,  diethyl,  dlphenyl;  mono-,  di~, 
tri~,  £>nd  polyhalogenated  phenyl,  polyalkylated  phenyl,  naphthyl, 
tetrahydronaphthyl,  and  various  combinations  of  alkyl,  aryl,  and 
substituted  aryl  groups. 

The  uses  of  the  finished  product  are  too  numerous  to  mention. 
The  individual,  copolymeri zed,  or  mixed  silicones  can  be  incor- 
porated into  other  materials  of  varied  nature,  such  as  rubber  tar, 
pitch,  resins  of  all  kinds,  celluloslc  materials  and  other  or- 
ganic plastic  compounds.   Lower  molecular  weight  polymers  can  be 
dissolved  in  drying  oils,  can  be  plasticlzed  alone,  or  made  up  in 
other  manners  to  give  heat  resistant  paints.   They  can  be  mixed  with 
wood  flour,  talc,  glass,  etc.  and  be  used  for  molding  plastics. 

Some  uses  of  the  finished  products  are  for  heat  resisting 
gaskets,  electrical  insulating  materials,  for  rendering  materials 
water-repellent;  for  stop  cock  grease,  laminated  products,  mold- 
ing compositions,  hoses,  golf  balls,  and  innumerable  other  uses. 
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SOME  REACTIONS  OF  AMINOALCOHOLS 

Amlnoalcohols  have  received  much  attention  because  of  their 
widespread  recurrence  in  natural  products  and  because  of  their 
use  as  medlclnals  (novocaine,  etc.)*   Little  attention  has  been 
paid  to  their  reactions.   However  over  a  period  of  years  many  re- 
actions of  amino  alcohols  have  been  recorded.   The  purpose  of 
this  seminar  is  to  collect  some  of  these  reactions. 

Deamlnation  of  g-Amlnoalcoholg  by  Nitrous  Acid 

Like  1,2-glycols,  p-aminoalcohols  readily  undergo  a  plnacolinlc 
rearrangement  when  dearainated  by  nitrous  acid.   They  undoubtedly 
do  so  by  a  similar  mechanism.   Unlike  glycols,  the  functional  group 
to  be  removed  is  predetermined  (the  NH2  group).   The  following  four 
types  of  compounds  have  been  studied,  principally  by  Tiffeneau, 
Mills,  and  McKenzle. 

C6H5\        C6HBX        C6H5Vv    sR   or  0   C6H5X    /R(Ar) 
C  —  CH2        C  — CH2        C— C~H  .C— C-H 

Ar'OH  NH2      R^OH  NH3     Ar^OH  NH2  R'oH  NHa 

I  II  III  IV 

Ar=a~napthyl(5)  R=CH3,C2H5  Ar=anisyl,         R=benzyl  (4) 
=anisyl,         (7)         p-tolyl(7) 
veratryl(6)  =a-napthyl, 

p-tolyl  (5)  (1)(2)(3)(4) 

In   type   I   the   aryl   group  migrates. 

C6H5\        AcOH 

n--CH2    ->    C6H5~C~CH2Ar 
Ar^OH  NH3   NaN02       0 

With  types  II,  III,  and  IV  the  phenyl  group  migrates.  In  type  III, 
by  analogy  with  1,2-glycols,  the  aryl  group  (anisyl,  p_-tolyl,  etc.) 
would  be  exDected  to  migrate  in  preference  to  the  phenyl  group. 

Whltmore  has  applied  his  theory  of  molecular  rearrangements 
to  this  semipinacolinic  deamlnation.   He  has  also  shown  that  a 
Walden  inversion  takes  place  at  the  amino-carbon  atom  (8). 

Oxidation  of  Amlnoalcohols 

Primary  and  secondary  |3-alkanolamlnes  have  been  shown  to  be 
quantitatively  oxidized  (9)  by  Deriodlc  ^cid  in  a  moderate  length 
of  time.   Tertiary  amines  do  not  react  pt  a  significant  rate. 

?(R)    HTO        Q  0 

(H)R-CH-C-R(H)   -+4   (H)R-fi-H  +  (H)R-C-R(H)  +  NH3  +  HI03 

R  =  CH3 

end  (HOCH3CH3)2NH  -»  4HCH0  +  NH3 
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Thls  reaction  is  also  quantitative  for  p~hydroxy-a~amino  acids. 
For  example  Serine  (HOCH2CH2(NH2  )COOH )  may  be  determined  quanti- 
tatively by  periodic  acid  (10).   Contiguously  substituted  di~ 
hydroxy  amino  compounds  react  in  the  expected  manner  (11).   1- 
Amino-2, 3~dihyclroxy~n_~hexane  reauires  two  moles  of  lead  tetra- 
acetate or  periodic  acid. 

Tertiary  elkanolemines  have  been  found  to  undergo  oxidation 
by  lead  tetraacetate  (12).   The  speed  of  oxidation  decreased  as 
the  number  of  carbon  atoms  between  the  amino  group  and  the 
hydroxyl  group  Increased.   From  the  products  isolated  it  was  shown 
that  cleavage  of  a  C-N  bond  Instead  of  a  C-C  bond  occurred  when 
a  tertiary  amino  group  was  involved. 

Amlnoalcohols  have  been  shown  to  reduce  chloronitrobenzenes 
and  nitrobenzene  to  the  corresponding  anilines  and  azobenzenes  (13) 
Ammonia  was  given  off  and  the  presence  of  an  aldehyde  was  demon- 
strated.  The  reducing  ability  decreased  with  increased  separation 
of  the  functional  groups. 

Although  the  tertiary  amines,  triethanolamine  and  triiso- 
propanolamine,  were  good  reducing  agents,  diethylaminoethylelcohol 
was  extremely  weak. 

Dehydration  of  Alkenolamines 

With  amlnoalcohols  containing  contiguous  hydroxyl  and  tertiary 
amino  groups  it  seems  plausible  that  dehydration  must  produce  the 
corresponding  vinylamine  or  allylamine;  usually  the  former. 

2-Dlmethylamino-l,l-dimethylethanol-l  could  be  dehydrated  by 
pyrolysis  of  its  Grignard  complex  to  l-dimethylamino-2-methyl-l- 
propene,  identified  by  its  hydrolysis  products  (14). 


CH3-C=CH~N(CH3)2   °-^>   CH3-CH-fi-H  +  (CH3)2NH 
CH3  H20      CH3 

Krabbe  has  dehydrated  a.  series  of  N-acyl-p-ethanolamines  by 
a  similar  procedure  and  obtained  vinyl  amines  (15). 

Frequently  the  methods  used  for  working  up  the  product  after  de' 
hydration  by  a  strong  acid  give  rise  to  conditions  (dilute  acid) 
which  would  hydrolyze  any  vinylamine  formed.   The  hydrolysis  of 
vinylamines,  however,  is  thought  to  proceed  as  follows  (16). 


H  2 

-c-c  + 


-C=C-N=  ->  -C-C  +  NH= 

The  following  reactions  have  been  shown  to  occur  with  concentrated 
sulfuric  acid  (14,17). 


)H 

CH3-0"CH2N(CH3) 


H2S04      H30 


3-y-uiiaJ 


3  /  3 


-3~ 


ch3-ch-c~h  +  hn(ch3)2  + 
4h3 


CH2=Q-C-H2-N(CH3) 


9eH5     H2S04   H20   ,         0 
H2N~CH2-i~C6H5    ->    A   (CeHB)aCHCH  + 

6h 


CH3 
C6H5CH2~C~C6H5 


Krabbe  ha  e  produced  N-acyl  vlnylamines  by  dehydration  vrith  concen- 
trated  sulfuric  acid  (18). 

it 
Krchnke  end  Schulze,  using  concentrated  phosphoric  acid, 

cleaved  l~phenyl-2~piperid3riDethanol-l.   They  proposed  the  following 

mechanism  for  this  tyoe  of  reaction  (19). 


C6H5-CH-CH3-N 
OH 


/ 


H3P04  9 

3-+  4   C6H5-CH2-C~H  + 

60-70% 


H 


CRH=-CH=CH~N 


[C6H5-CH=CH-0-P03H2] 


H20 


[C6H5CH=CH-0H] 


Treatment  of  tertiary  akenolamines  with  48%  hydrobromic  acid 
resulted  in  this  s^me  type  of  reaction  (20). 


R 


2H 

aN~CH-C- 


A(H) 


Ar 


48% 
HBr 


R2NH  +  (H)R-fi-CHAr 


Phosphorous  oentechloride  gave  similar  results  (20 ). 


,-t- 


,8-, 


R2NCH2-(!;-(CH2RT  )a    -*B   R2NH  +  H(5-CH(  CH2R»  ) 

ether 

Those  amino  alcohols  whose  corresponding  glycols  will  rearrange  to 
eldehydes  or  ketones  when  heated  with  acid  will  likewise  rearrange 
to  aldehydes  or  ketones  (21). when  their  hydrochloride  salts  are 
heated. 


rST 

H  N] 


CH3-C— CH-R 


IH3C1 


CH3 
CH3-CH-C-R  +  NH4C 


1 


_4~ 


Dehydration  of  primary  alkanolamines  may  proceed  to  give 
ethylenelmines,  the  imine  rearrangement  product  of  the  ethylene 
imine,  or  the  hydrolysates  of  the  imine.   Undoubtedly  this  is  not 


I    -H20    i    i 

— c-   a  -c — Ci- 
te te2        \N' 

H 


-C=N-(j- 
H 


~c=o  +  H2N-n- 
H 


the  whole  picture. 


Bettzieche  and  Ehrlich  have  shown  that  the  following  reactions 
take  place  (22,  83). 

200° 

(C6H5CH2tT"9--CH-CH2-CH(CH3)8     ->     (C6H5CH2 )2~C=0   60^ 

6h  NH3CL  lOf  HC1 

aqueous  +  H2NCH2CH2-CH(CH3 )2 


(R')a- 


2NNaOH 


R2'C=0  +  H2NCHaR 


C—CK-R 

6H  NH2    160-200°   70-90?*    97-99^ 

Heat  alone  will  dehydrate  1, 2~diphenylethanolamine  (24). 

C6H5CH-CH-C6H5  -r*  C6H5CH=N-CH2-C6H5 
OH  NH2 

Campbell  and  Campbell  in  194?  showed  that  this  rearrangement  could 
proceed  by  way  of  *>n  intermediate  ethylenimine  (25). 


Arx    /-R(,Ar,H)    c  0 
C  — CH  -l> 

Ar^iH  te2 


Ar 


\ 


265~?85u   Ar^ 


C=N-R(Ar,H) 


ArK     xR(Ar,H) 

Ar-^  XN/  ^H 

H 

The  amino  group  because  of  its  electron  attracting  nature 
should  produce  in  an  adjacent  tertiary  hydroxyl  group  a  tendency 
to  act  as  a  primary  hydroxyl.   As  the  number  of  carbon  atoms  be- 
tween the  two  groups  increases  this  effect  should  decrease. 
Campbell  and  Campbell  (14)  investigated  a  series  of  four  amino 
alcohols  and  found  this  to  be  the  cape. 
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Rerction  with 

CuS04        KOH 
Benzoyl  chloride   200° 200° 

OH 

I  CH3~n-CH3N(CH3 )2         Instantaneous  no  dehydre-  no  dehydra- 

CH3                 esterification  tion         tlon 

OH 

II  CH3-c~CH3~CH3-N(CH3 )8    instantaneous  dehydra-  no  dehydra- 

CH3                 esterification  tion         tion 

OH 

III  CH3-C-CHa-CHa-CHa-N(CH3)a     slow  dehydra-  nodehydra- 

CH3                 esterification  tion         tion 

OH 

IV-    CH3~C~CH3-CHa-CHa-CHa-N(CH3)3  no  dehydra-     dehydra- 

6h3                 esterification  tion*        tion 

*Ia  will  dehydrate  only  IV. 

Oxazollnes  and  Related  Compounds 

Substituted  p-ethanol  amines  may  be  condensed  with  aldehydes, 

in  the  presence  of  abase,  to  form  oxazolidines  (26,  27). 

R-CH- 


CH-CKa  +  R'-OH  ->  R~CH-CHa 

OH   iSlH  8  11+   H2° 


0      ^NH 

1? 


R'    -  Ph,    K,    CH3 

R  =  H,  GH3,  (CH3)aCH2CHa 


The   ^rnide   from  a    substituted   ethanolamine  condenses   in   the 
presence   of   a   dehydrating  agent    to   form  an   oxazoline    (28). 

R~CH-9Ha  p    0        R~CH— CHa 

OH   NH-C-R1         S->  |  | 

5  ON 

a* 

R1    =   H,    CH3,    CH3CHa,    Ph 

Ox^zolidones  mey   be   formed,   by   the   condensation   of   a   carbonic 
acid   derivptive  with   substituted   ethanol   amines   (29). 


:■' .. 


:        ' 
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Ph 
h-CH-CH-NH-R  +  COCla 
)H 


R  =  m~C7H7,  p_-C7H7,  p~C10H7,  C6H5 


9 

Ph-CH-Nx 
Ph-CH-O^ 
failed  with  R  =  o-C7H7 


In  ?  similar  mpnner  one  may  form  Pentoxp zolidines,  PentoxazO' 
lines  end  Pentoxe zolldones  from  substituted  1,3-eraino  alcohols 
(30,  SI). 

HPC=0 
CH3-NH-CH3-C(CH3)3-CH3OH    ->    CH3-N-CH3-C(CH3 ) 


3  /a  ^X13 

Cl-COOEt 


CH3-N~CH3-C(CH3 )a-CHa-0H 

iooEt 


CH3-0-CH3 
a  Pentoxp zolidine 


H3S0, 


v 


CH3-N-CHa-C(CH3) 


I 


I 


3  12, 


a  Pentox? zolidone 


0=C  — 0— CH2 


ir>-CH2-CH-CH2-0-C-Ph   K-5>H  Ph-(T      CH-OH 


^N-CH3X 
C 

o-ch/ 

a  Pentoxe zoline 


Thla zoline s  m=>y  be  formed  by  treating  N-ecyl-^-rrninoeth^nols 
with  P3S5  (23). 


R~C~NH-CHa-CH3-OH 


P2S 


ay  5 


N CH3 


R-C   CH2 


R  =  H,  CH3,  CH3CH2,  Ph 


By  heating  the  sulfate  salt  of  2~phenyl~2-eminoeth*nol  with 
carbon  disulfide  in  plkellne  solution,  phenyl-thia zoline-mercapten 
is  formed  (32). 


rQ   Ph-CH— CH3 
(Ph-CH-CHa-NHa)a-HaS04   ^      | 

OK  KOH      S    N 

SH 


|However   the   elkemines   of   enethol^   pnd    lsosafrole,    when   hepted  with 
•cprbon   disulfide   give   the   oxazoline   mercpptpns. 


~7~ 


R—CH— Cftg     R  =  CH3OC6H4,  CHgOgCgr^ 


0    N 

Thiazoline  pminee  may  be  formed  from  substituted  ethanolamines 
and  isothiocyanrtes  (33). 


NHa-CH3-C(CH3)3-OH  +  Ph-N=C=S 


Ph-NH-C-NH-CHa-C ( CH3 ) a-0H 


heat 


HC1 


(CH3)a-C--Ss 


CH-N^ 


C-NH-Ph 


The  Amide-to~este-r  Rearrangement 

It  has  been  noted  tfaet  upon  treating  hydroxy  amides  with 
sulfuric  acid  the  acyl  group  mpy  migrate  from  the  nitrogen  to  the 
oxygen,  forming  ?n  ester  (34). 

Ph-C-NH-CH-C-R* '   H2-^°4   NHa-CH-C-Ro ' 


THT1 


H 


2 

-C-Ph 


R   = 
R1  = 


Migration  occurred 
Ph     Me     Ph 


Doubtful 


H 


Me 


Me 


Et 


Et 


PhCH2  PhCH3 


H 
Ph 


Negative 


Me 
Ph 


Ph 
Ph 


Migration  from  the  oxygen  to  the  nitrogen  mpy  occur  when  an 
excess  of  base  is  pdded  to  the  ester  amine  salt  (36).   The  follow- 
ing method  has  also  been  used  to  demonstrate  this  (35). 

R-C-Cl 


3,4(CH30)aC6H3~CH-CH-CH3 

6h  too  * 

R  =  Ph,  PhCKa,  4CH30C6K4,  3,4(CH30)3CeE 


¥03 


(CH30)2C6H3-CH-CH-CH 


a  ^  6  n3  -  Kjin-\jri  -\jn  3 

O-C-R 


electrolytic 
reduction 


(CH30)2C6H3-gH~CH~CH3 
W   NH-(J-R 
0 


It  was   then   found   thp t ,    under    suitable   conditions,    the 
oxazoline   could   be    isolated   ?f    the   Intermediate  product   which 
would   yield   the   ester  upon   addition   of   further  acid    (37). 
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Ph~9H~CH-CH3 
OH  NH-C-Ph 


Ph-CH— CH-CH3 


Ph 


N 


Ph-(JH~CH-CH3 
3h-C-0   NHa 


Isoouinoline  synthesis 

Substituted  isoauinolines  cpn  be  formed  by  the  method  of 
Pictet  and  Gems  (?8)  from  phenyl  (emido  methyl)  carbinols.   More 
recently  Krebbe  (15)  has  shown  that  vinylamlnee  may  be  inter- 
mediates in  this  synthesis.   By  the  use  of  s  Grignerd  reagent, 
Krabbe  wee  able  to  obtain  good  yields  (50-75$)  of  the  vinylamine, 
which  could  be  separated  into  two  forms.   The  cis  form  was  easily 


transformed  into  the  substituted  isoauinoline.   During  the 


C3HBMgBr 


-NH-C-Ph 


Po0! 


/NH-C~Ph 


single  step  Pictet  end  Gems  synthesis  with  phosphorus  pentoxide, 
an  eopreciable  amount  of  oxazoline  derivative  is  formed  from  the 
amido  alcohol,  if  it  has  one  small  group  on  the  carbinol  such  ae 

If, 
not 


amido  alcohol,  if  it  has  one  small  group  on  the  carbinol  s 
the  methyl  group,  although  not  if  both  groups  are  phenyl. 
however,  the  vinylamine  is  formed  first,  this  difficulty  i 


h 

encountered. 


Pioera  zines 


Pollard  and  MecDowell  formed  N-phenylpipere zine  by  the  reac- 
tion of  aniline  hydrochloride  with  diethenolamlne  at  240°  (39). 


Ph-NHa-HCl   +    (H0CHaCHa)a-NH 


/CHa-CHav^ 
Ph~N  NH 

^CHa-CHa^ 


ai' 


This  does  not  seem  to  be  general,  however,  for  it  failed  with 
isopropanolaraine.   However,  isoprop^nolsmine  at  250-275  with 
hydrogen  and  copper  chromite  cptelyst  formed  2, 5-dirnethylpipera  zine 
(40).   Similar  treatment  of  diethanolamlne  yielded  1 , 4-bis-g- 


CH3-CH-CHa-NHa 


CH3 
/CH-CHa^ 
NH        NH 
^CH3-gH/ 
CH3 


hydro xyethyloioare zine,  pnd  of  phenyleth»nolamine  yirlded  di- 
phenyloioere zine.   The  yields  in  this  reaction  are  somewhr t  low. 
Bain  and  Pollard  account  for  this  by  the  replacement  of  the  amino 


.,-■. 
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i         ;,    .      ■  •  •■  ■  ■• 


.  t 


... 


'    ■ 


:."      ■) 


' 


„;* 


IS    \ 


~9- 


group  by  p  hydroxy 1  grouD  from  the  wrter  liberated  in  the  reaction. 
In  forming  dicyclohexylpiperpzine ,  they  found  epprecirble  qupnti- 
ties  of  cyclohexpnol.   It  wee  then  shov/n  thet  diethyl  cyclohexyl- 

/CH  s'-CH^ 
NCeHu  +  C6HuOH 

pmine  repcted  with  weter  to  give  e  33^  yield  of  cyclohexpnol  under 
the  spme  condition?. 

Morpholones 

It  h~  s  been  founr1  thet  N-substituted  morpholones  mpy  be 
formed  by  the  potion  of  sodium  chlorpcetrte  on  N-substituted 
ethpnolpminep  (41).   When  R  is  promrtic  the  repction  goes  in  one 

R~NH-CH2-CH2-OH  -►  R-N-CHs-CH3-OH  ->  R-N        20 
+  CH3~COOH  XCH3-C^ 

C1-CH2-C00Np  8 

R  =  CH3 ,  C3H5,  n_-C3H7,  i_-C3H7,  i_*-C4H9,  C6H5,  C6H5CH2,  o-  end 
£-CH3C6H4 

step,  but  ^rhen  R  is  ^lkyl,  the  second  steo  ie  eccomplished  by 
distlllption  in  vpcuo. 
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THE  SYNTHESIS  OF  LARGE  CARBOCYCLES 


The  possibility  for  the  existence  of  molecules  with  large 
rings  was  demonstrated  for  the  first  time  in  1926  by  L.  Ruzicka 
who  proved  thet  the  naturally-occurring  compounds,  muscone  and 
civetone,  were  macrocyclic  ketones  with  the  following  structures. 


(CH2)12  —  CO 
II 

CH3—CH  '      CHg 

1-muscone 


CH(CH2) 


2  If 


\ 


CH(CH2)    ' 


CO 


■2  if 


civetone 


This  initiated  extensive  T«7ork  by  Ruzicka  on  the  general  problem 
of  synthesizing  macrocarbocycles.   His  method  involved  dry-dis- 
tillation of  thorium  or  cerium  salts  of  polymethylene~a,W~dicar~ 
boxylic  acids.   The  kptones  obtained  could  be  reduced  by  the 
Clemmensen  method  to  alicyclic  hydrocarbons. 


(CH2)n(C00)2Ce 


250-300* 


(CHJ 


n 


9 


0 


Yields  of  2-5#  of  the  larger  rings  were  obtained,  but  the  method 
fails  almost  completely  for  the  9-13  membered  rings.   However, 
many  macrocyclic  compounds  were  prepared  in  this  way  and  their 
physical  and  chemical  properties  studied. 


Ruzicka  used  this  method  indirectly  in  synthesizing  muscone. 

CO CH2   Br2   CO CHBr  BaCl2   CO- 

(CH2)12-CH2        (CH2)la-CH2     300e   (CH2)l2- 
CH2(C00R)a   H20    CO CH2         «iJ—*--,o— «  „    CO CH; 


^C02H 
(CH8V4 

^-C02H 


•CH 

l! 


T 


electrolysis         Y"s 
( CH2 ) 12-CHCH2C00H  ( CH2 )  12-C=CH2 


CO' 


1 


H. 


(CH2)12-CHCH3    (d,l) 

The  first  practical  synthesis  for  large  rings  was  devised  by 
K.  Ziegler,  who  applied  intramolecularly  the  Thorpe  condensation 
of  nitriles.   By  use  of  the  high-dilution  principle  this  method  has 
been  made  to  give  excellent  yields  of  the  larger  rings  (up  to  34 
carbon  atoms),  but  gives  only  traces  of  the  9-,  10-,  and  11-mem- 
bered  rings. 

^   CH2CN   0NMeLi   (CHa ) 14-CH-CN   H+   (CH2)14-CHS 
(CH,)14  ->     |       I       -►    |       I      lOf 

■>►  CH2CN  CH2 C=NH   H20    CH2 CO 

The  dinitriles  for  cyclizing  were  prepared  from  available  di- 
cerboxylic  acids,  generally  by  one  of  the  following  series  of  reac- 
tions. 
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1.  HOCO(CH3)nCOOH  ->  l(CH3)n  +  aI  ->  MeOC6H40(CH2  )n  +  0-I  -» 

MeOC6H40(CH2)2n  +  4OCGH4OMe  -»  l(CH3)2n  +  4I  ->  CN(CH2)2n  +  4CN 

2.  HOCO(CH2)nCOOMe   electr^1yeie   MeOCO(CH2 )2nC00Me  ->  CN(CHa)anCN 

This  method   was  used  by    Zlegler   for   the   first    synthesis   tf 
muscone. 

ME  Mel 

Br(CH2)10Br       -U  '      Br(CHa)19CH(C0fR)a       ->       Br (CH2 ) ltC(CH3  )  (COOR)a 

-^  '      HOCO(CH2)11CH(CH3)COOH  -*  HOCH2(CH2)11CH(CH3)CH2OH      Hitr 

C5HuOH 

NaCN     ,  (CH2)11-CK2C=NH 

-=>    CN(CHa)laCH(CH3)CHaCN   -»      |         |     -*  dl-muscone 

45^   CH3CH CHCN 

Ruzicka  has  recently  made  the  dinitrile  intermediate  in  the 
oreparation  of  civetone  but  hes  not  reported  its  cyclization. 

Br2  KOH        ,    ,       MeOH         Na 
CH2=CH(CH2)8COCH   ->    ->   CH3C=C(CH2 ) 7COOH   -»    ester   -* 

H+  48?£ 

03 
CH3C=C(CH2)7COCHOH(CH2)7C=CCH3   ->   diol  -♦  diacetate  ->   46# 

40# 

KMnO*.  v         ,  HBr  CHPNP   Zn 

-^>  4   H0C0(CK2)7CH0HCH0H(CH2)7C00H   ->    -£  8  A" 

MeOCO(CH2)7CK=CH(CH3)7COOMe   S0-SL2   NHp   SCCla   CN(CH2  )7CH=CH(CH2  )7CN 

More  recently  another  type  of  ring  closure  he s  been  applied 
successfully  by  Hunsdiecker  to  the  formation  of  14-17  membered. 
rings.   This  involves  the  self -alkylation  of  an  Uj-haloalkylaceto- 
acetic  ester.   The  starting  material  is  obtained  by  acylation  of 
acetoacetic  ester  followed  by  acid  cleavage. 

K2C03    t         ^"CO       Q0%   H2S04       ^— CO 
l(CH2)12C0CH2C00Me    -*  (CH2)12  -h!      (CH2)12  | 

MeCOEt       ^-CHCOOMe  ""^CH2 


43# 


~3~ 

This  method  has  been  used  in  another  synthesis  of  muscone. 

M  E 
CH3CH=CHCOOMe   A  *   MeOCOCH2CH(CH3 )CH2COOMe  ->  MeOCOCH2CH(CH3 )CH2C00fc 

I 

CH2=CH(CH2)QCOOH  ->  Br(CH2)10COOH  -♦  MeO(CH2 )  10COOH 

II 

r<fn      electrolysis     Me0coCH2CH(CH3  )(CH2 )  ll0Me      H-       S°-^2 
ClCOCH2CH(CH3)(CH2)11Br     ->     CH3COCH(COOEt )C0CH2CH(CH3 )(CH2 ) x xBr 

Na^Me     H>+     MeOCOCH2COCH2CH(CH3  )(CH2 )  xlBr     *-*?     K^°3 

68# 

MeOCOCHCOCH2CH(CH3)(CH2)11  ->  dl-muecone 

Hunsdlecker  ha s  also  published  the  first  complete  synthesis  of 
clvetone* 

H0(GH2)6CH0HCH0H(CH2)7C00H   -3F   Br( CH2 )6CHBrCHBr ( CH2 ) 7COOK   -> 

95%  70$ 


Br(CH2)6CH=CH(CH2)7COOH 


S0C12   CH3COCH2COOR 


Br(CH2)6CH=CH(CH2)7COCHC02Et   Nfl0Me 

IOCH3  70% 


""-^"       Br(CH2)6CH=CH(CH2)7COCH2COOMe 
C( 


Nal      KaCC,      CH(CH2)6CHCOOMe      K0H      CH(CH2)7\ 

90%       CH(CH2)7CO  86#     CH(CH2)7^  a-civetone      (trans?) 

Thepe   general   methods  have   been   used   in   preparing    the   larger 
rings,    but   for    thp    intermediate-sized   rings    (9-11   carbons)    special 
methods  have  had    to   be   developed. 


Cyclononanone. 


HG4  (£7>TJ(0H  h    (£7)7-rOH       ^ 

0  i\CN   Pt     1 — ,XCH2NH2   57# 
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(CH3)7 


CO 


Cyclodecane . 


/n3K 


ZnCl 


** 


10 


C5HuOH 
47# 


Mel 

Ag20 
85^ 


l//^/N      H 


s/v 


pt 


Ci0H 


39 


Cycloundecane. 


C6H5(CH2)4C0C1 


A1C 


u 

1,     K^Y        \ 


67% 


V\_y 


Zn-HCl 
95^ 


Ca(NH3)6 
2&% 


90^ 


Na 


47^      Aga0 
80^ 


1  r^> 


H, 


Pt 


CnH 


22 
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IMIDO  CHLORIDES 

Since  1877,  when  Wallach  (1)  first  prepared  tenzanilide  imido 
chloride,  a  large  number  of  investigations  have  "been  carried  out 
on  this  type  of  compound.   The  material  presented  here  reviews 
some  of  the  more  important  aspects  of  the  chemical  properties  of 
imido  chlorides. 

Preparation. — The  most  generally  used  method  for  the  prep- 
aration of  imido  chlorides  is  the  reaction  of  phosphorus  penta- 
chloride  with  an  amide. 

xP      PC15  CI  CI     -HC1    CI 
RC-NHR'   ->    R£-NHR»    ~>   RCf=NR' 

Amido  chloride   Imido  chloride 

If  the  R  group  is  aromatic  the  imido  chloride  is  stable,  but  when 
the  R  group  is  aliphatic,  the  stability  of  the  imido  chloride  is 
dependent  upon  the  nature  of  R  as  well  as  R1 .   This  is  due  to 
the  fact  that  the  following  change  readily  occurs  in  the  aliphatic 
imido  chlorides. 

£1  CI  NC6H5   CI 

CH3(£nC6H5  -*  CH2=C-NHC6H5  -»  CH3C  -  8  -  i=CH2-HCl 

chlorovinylamldine 

An  aliphatic  imido  chloride  is  stable  when  R  =  R3C-,  C13C-, 
C18CH-,  or  R2CH=CH-.   When  R'  is  a  properly  substituted  ortho 
aromatic  ring,  the  migration  of  the  hydrogen  is  greatly  retarded 
(2,3,4). 

It  has  been  recommended  by  von  Braun  (5)  that  thionyl 
chloride  be  used  for  the  preparation  of  aromatic  imido  chlorides, 
because  of  facility  in  handling,  the  formation  of  sulfur  dioxide 
as  the  only  by-product,  and  the  lack  of  formation  of  phosphorus 
complexes  which  are  so  Commonly  obtained  when  phosphorus  penta- 
chloride  is  used.   Thionyl  bromide  cannot  be  used  due  to  its 
instability  and  because  of  its  brominating  action  on  aromatic 
rings.   Even  the  simple  aliphatic  amides  such  as  acetanllide  form 
sulfur  containing  products  with  thionyl  chloride. 

Uses  and  Transformations 

Preparation  of  alkyl  halides. — Benzoyl  derivatives  of  high- 
er aliphatic  diamines  react  with  phosphorus  pentachioride  to 
form  imido  chlorides  which  can  be  decomposed  to  give  either  an 
alkyl  dihallde  or  an  amino  alkyl  halide  (6). 
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Distlll^  2C6H5CN   +  Cl(CH2)nCl 

C6HsC=N(CH3)nN=C-.C6H5  C^T^I 

^  "^        CI 

Vacuum^  C6H5C=N(CH2)nCl   +  C6H5CN 

i 

in2o 

NH2(CH2)nCl 

Preparation  of  nltriles. — As  illustrated  by  the  above  eq- 
uations nitriles  can  also  be  obtained  by  the  decomposition  of  the 
imido  chlorides.   In  a  study  of  acetanilide  and  its  chlorine 
derivatives,  it  was  found  (7)  that  a  phosphorus  complex  was 
always  an  intermediate  product  in  the  formation  of  nitriles  from 
these  amides.   It  was  further  established  that  all  aliphatic  acid 
amides  can  be  converted  into  nitriles  by  heating  with  phosphorus 
oxychlorlde. 

poi5   jl      A 

RCOwHa       ->         RC=NPOCla     — >     RCN 
PCCI3  /\ 

rc0nh8   -»  rc=nh    ->  rcn 

6poci2 

Preparation  of  q-halo  acids. — Amides  of  the  type  RCH2CONHR' 
where  R  and  R'  are  either  aliphatic  and  (or)  aromatic  residues, 
are  converted  by  excess  (at  least  three  mole)  phosphorus  penta- 
chloride  into  di-a-chloro  imido  chlorides  which  can  be  hydrolyzed 
successively  to  RCC12C0NKR'  and  RCC12C02H  (8). 

a, 3-Unsaturated  aldehydes. — The  reduction  of  a, ^-unsatur- 
ated imido  chlorides  could  not  be  accomplished  with  stannous 
chloride;  however,  by  using  an  ether  or  benzene  solution  of  the 
chloride  and  adding  the  precipitate  obtained  by  digesting  chromous 
acetate  with  hydrochloric  acid,  fifty  per  cent  or  less  yields  of 
the  aldehyde  could  be  obtained  (9).   Imido  chlorides  of  aromatic 
acids  and  of  clnnamic  acid  could  readily  be  reduced  by  stannous 
chloride  as  well  as  by  chromous  chloride.   Aliphatic  compounds 
with  no  adjacent  double  bonds  are  not  reduced. 

V      CrCl -   HO 
CH3(CH2)2CH=CHC=NHR    ->  2   -i   CH3 ( CH2) 2CH=CHCHO 

ether 

Amldines  and  nitrogen  heterocycles. — As  mentioned  previously, 
amidines  are  formed  when  two  moles  of  an  aliphatic  imido  chloride 
condense  with  the  loss  of  one  mole  of  hydrochloric  acid.   This 
type  of  coupling  is  usually  characteristic  of  aliphatic  imido 
chlorides;  however,  it  was  found  that  chloroacetanllide  when 
treated  with  phosphorus  pentachloride  condensed  to  form  a 
quinoline  (10). 
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2C1CHpCNHC«H 


cm 


6^5 


PG15        CI 
-»    2ClCHo(i=NC«H 


6a6 


It  was  impossible  to  force  this  reaction  in  the  amidine  direction, 
while  acetanilide  could  not  be  forced  in  the  quinoline  direction. 
Derivatives  of  propionic  and  phenylacetic  acid  also  form  quino- 
lines,  and  ring  formation  takes  place  readily  and  in  good  yield. 

Amidine s  can  also  be  prepared  by  condensing  an  imido  chloride 
with  an  amine  (11).   Reaction  of  an  aromatic  imido  chloride  with 
sodiomalonic  ester  results  in  a  product  which  undergoes  cyclization 
to  form  a  substituted  quinoline  (12,  13). 


P1 
C6H5C=NC6H5 


NaCH(COsEt) 


NC6H5 
C6H5tf-CH(C02Et) 


AAvc 


6^5 


H 


By  substituting  the  sodium  derivative  of  urethan  for  malonic 
ester  in  the  above  reaction,  a  product  is  obtained  which  under  the 
Influence  of  heat  cyclyzes  to  form  a  quinazoline  (14). 


Friedel  and  Crafts  reaction. — The 
imido  chloride  with  dimethylaniline  in 


condensation  of  benzanilide 
the  presence  of  aluminum 


chloride  results  in  good  yields  of  £-dimethylan.inobenzophenone. 
This  type  of  reaction  was  found  to  be  general  for  the  benzanilide 
derivative  with  dimethyl  o-,  m-,  and  £-toluidine,  dlethyl-o-tol- 
uidme,  dlmethyl-a-naphthylamine,  benzylmethyl-  and  benzylethyl- 
aniline  (15). 

It  was  further  found  that  by  simply  heating  a  mixture  of 
benzanilide,  dimethylaniline,  and  phosphorus  oxychloride  ?0  to 
80  per  cent  yields  of  £-dimethylaminobenzophenone  were  obtained 
(16). 

Reaction  with  acid  salts.— The  imido  chlorides  react  very 
readily  with  the  sodium  salts  of  organic  cr  inorganic  acids  (17). 

p1       HC00Na_j>  C6H5(/nxCH0 
C6H5C=NC6HB  — .^H, 

L&COONa  (cRH.(f- 


'6"6 

'"isNCeH, 


Reaction  of  N-methyl  benzamide  imido  chloride  with  potassium 
cyaniae  leads  to  a  compound  which  is  very  unstable. 
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91      KCN 
C6H5C=NCH3   -»   C6H5C=NCH3 


CN 


H-a 

h" 

c6k5ccn  +  ch3nh; 


\  Anhydrous 
\conditions 

C6H5CN  +  CH3CN 


When  benzanilide  is  used  the  nltriles  which  is  formed  is  a  stable 
crystalline  compound. 
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ABSORPTION  SPECTROPHOTOMETRY  IN  STRUCTURE  ELUCIDATION 

This  paper  will  attempt  a  brief  presentation  of  the  theory 
and  use  of  the  spectrophotometer  by  the  organic  chemist.   It  will 
be  mainly  concerned  with  the  ultraviolet  and  visible  regions  since 
infrared  work  requires  equipment  and  technique  which  limit  its 
use  to  specialists. 

A  spectrophotometer  measures  the  ratio  of  the  transmission 
of  a  monochromatic  light  beam  through  a  liquid  or  solution  to  that 
for  a  reference  liquid  or  the  solvent.   The  absorption  spectrum 
or  curve  is  a  graph  of  some  function  of  this  ratio  (y-axis) 
plotted  against  some  function  of  the  wave  length  (x-axis). 

Symbols  and  Calculations. — Recent  attempts  to  unify  the  treatment 
of  data  have  led  to  the  following  recommendations: 

X-Axis: 

Plot  increase  of  light  energy  from  left  to  right, 
i.e.,  frequency  left  to  right,  wave  length  right  to  left.   The 
preferred  unit  of  frequency  is  the  Fresnel,  f,  (10~12  x  frequency 
or  10  12  x  velocity  of  light /wave  length).   The  energy  associated 
with  a  light  beam  is  directly  proportional  to  its  frequency. 

f   =   10~1sa*  =   10~12    c/x  =   3   x   10~2   /x  (cm)    =   3   x   10      /\  (R)  . 

8 

Energy  of  beam  (cal/mole)  =  95.3  f  =  2.86  x  10  /\  (K) . 

Y-Axis: 

Plot  increasing  values  upwards  of  the  extinction, 
E,  or,  preferably,  the  molecular  extinction  coefficient,  £.   The 
extinction  is  defined  as  log  I0/l,  where  I0  and  I  are  the  in- 
tensities of  light  transmitted  by  the  solvent  and  solution,  res- 
pectively.  Application  of  the  Beer-Lambert  law  to  solutions  re- 
quires that 

E  =  log  i0/i  =  e  cl 

where  _c  is  the  molarity  of  the  solution  and  1  is  the  path  length 
through  the  solution  (cm.).   When  £_  varies  between  inconveniently 
wide  limits,  log  €_  may  be  graphed.   G-ibb  devotes  a  chapter  to  the 
theory,  calculations  and  applications  of  spectrophotometry. 

Solvents. — The  solvent  should  be  chosen  for  its  ease  of  purification 
and  for  its  high  and  uniform  transparency  in  the  spectral  region 
under  investigation.   Cyclohexane,  hexane,  alcohol  and  chloroform 
are  widely  used.   The  polarity  of  the  solvent  is  of  consequence 
for  solutes  capable  of  ionization,  association,  dissociation, 
solvation  or  tautomerism.   Thus,  the  absorption  curve  of  qulnollne 
(Fig.  1)  is  identical  in  alcohol  or  hexane,  but  those  of  mesityl 
oxide  (Fig.  2)  and  phenol  (Fig.  3)  vary  with  the  solvent.   The 
spectra  of  acidic  or  basic  molecules  in  buffered  aqueous  media 
depend  strongly  upon  the  p_H. 

Concentration. — Except  in  the  operation  of  such  phenomena  as  as- 
sociation, etc.,  mentioned  above,  the  absorption  of  solutions  is 
governed  by  the  Beer-Lambert  law.   ^  is  seen  to  be  a  physical 


-2- 

constant  of  the  solute,  dependent  only  upon  the  solvent,  temperature, 
and  wave  length  of  incident  light.   Thus  the  extinction  is  propor- 
tional to  £  and  a  shrewd  guess  at  the  value  of  the  latter,  gained 
from  comparison  with  known  spectra  of  similar  compounds  is  usually 
superior  to  a  dilute  and  try  procedure.   The  optimum  working 
concentration  with  the  Beckman  instrument  is  such  that  the  ex- 
tinction values  are  near  but  less  than  unity  for  the  absorption 
peaks.   Thus  10  mg./l.  (20  micromolar)  atebrin  in  water  is  quite 
satisfactory. 

Literature. — The  development  of  the  Beckman  Quartz  Spectrophoto- 
meter with  its  simplicity  of  operation  has  been  largely  re- 
sponsible for  the  recent  flood  of  absorption  curves  in  the 
journals.   The  International  Critical  Tables  have  a  very  extensive 
though  old  (1939)  compilation  of  nearly  two  hundred  carefully 
plotted  graphs  and  a  bibliography,  arranged  by  formula,  of  about 
a  thousand  additional  compounds.   There  is  no  modern  collection 
of  ultraviolet  curves  to  parallel  that  for  the  infrared  region 
by  Barnes  and  his  collaborators.   Of  the  abstracts,  Zentralblatt 
gives  full  coverage  under  "Spektra",  giving  breakdowns  into  ring 
systems,  types  of  compounds,  etc. 

Analysis  of  Data. — The  field  is  so  new  that  it  is  largely  empirical, 
although  much  fundamental  progress  is  discernable.   Thus  the 
position  of  absorption  maxima  have  been  related  to  the  ionization 
constant  and  to  the  threshold  energy  for  certain  photolytic  de- 
compositions.  Lewis  and  Calvin  have  reviewed  absorption  and  the 
theory  of  color,  and  Pestemer  has  summarized  recent  studies  of 
conjugated  chromophors.   Carr  and  Stiicklen  have  shown  the  maxima 
for  all  of  the  C4-C8  mono-olefins  which  they  investigated  to  be 
dependent  only  upon  the  number  of  alkyl  groups  attached  to  double- 
bonded  carbon.   The  absorption  of  a  molecule  is  not  a  simple  sum 
of  its  absorbing  centers  because  of  interactions  such  as  resonance 
and  conjugation.   Substituents  have  been  classified  by  Dadieu  as 
those  which  alter  the  nature  of  curves  and  those  which  merely 
shift  the  position  of  peaks.   The  bathochromic  properties  (shift 
of  absorption  toward  red)  of  groups  usually  parallel  their 
electronegativity  (Fig.  4). 

Except  for  the  case  of  simple  compounds:  olefins,  polyenes, 
aromatic  hydrocarbons,  etc.,  the  organic  chemist  would  probably 
find  the  ultraviolet  spectrum  of  a  new  compound  to  furnish 
contributary  rather  than  absolute  proof  of  its  structure.   Where 
independent  hints  are  available,  however,  and  especially  when 
the  spectra  of  somewhat  similar  systems  are  known,  the  spectrum 
is  of  invaluable  aid.   An  excellent  example  of  its  importance 
was  in  the  isolation  and  subsequent  production  by  irradiation 
of  vitamin  D,  which  has  been  described  by  Ellis  and  Wells.   The 
cinchona  alkaloids  form  a  large  group  which  has  been  intensively 
investigated  by  spectrophotometry  methods. 
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Fig.    1 

(1)  Qulnollne   in  alcohol   or  hex- 
ane. 

(2)  Quinolinic   acid   in  hexane 
I.C.T.    5,    363. 


log! 


900  1140  1380   f 
333   263   217   mu 


Fig.  2 

Mesityl  oxide  in 
(1)  water 

2)  alcohol 

3 )  hexane 
I.C.T.  5,  372. 
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Phenol  in 

(1)  alcohol) 

(2)  pentane 
I.C.T.  5,  361 


1140  1260  1380  f 
263   238   217  mu 

Fig.  3 
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1080  1320  1560   f 
278   227   192  mu 

Fig.  4 

(1)  aniline 

(2)  p_-toluidine 

(3)  benzene  in  hexane 
I.C.T.  5,  362. 
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STERIC  CONFIGURATION  OF  THE  PRINCIPAL  CINCHONA  ALKALOIDS 

Vlado  prelog 

The  cinchona  alkaloids  have  received  considerable  attention 
from  chemists  for  many  years.   It  is  appropriate  that  the  eluci- 
dation of  the  steric  configuration  of  quinine  should  follow  so 
closely  upon  its  synthesis.   The  present  seminar  is  devoted 
entirely  to  steric  considerations  of  the  cinchona  alkaloids;  the 
work  on  structure  elucidation  and  synthesis  have  been  quite 
adequately  summarized  elsewhere  (1). 


r<r^VrCH=ct 

CHi 


r 


if 


R 
R 
R 


H,  formula  represents  clnchonine  and  cinchonidine 

OH,    "         "     cuprelne. 

OCH3,  ■         "     quinine  and  quinidine. 


The  five  most  important  alkaloids  of  the  cinchona  group  are 
quinine,  quinidine,  clnchonine,  cinchonidine,  and  cupreino»   These 
are  illustrated  by  the  general  formula  above.   Inspection  of  the 
formula  reveals  that  carbon  atoms  3,4,8  and  9  are  asymmetric. 
The  task  of  determining  the  steric  configuration  of  each  of  these 
alkaloids  would  Indeed  be  exceedingly  difficult  were  it  not  for 
certain  simplifying  relationships.   Quinine,  cinchonidine  and 
cupreine  have  been  shown  by  interconvereion  to  possess  the  same 
steric  configuration.   Likewise  clnchonine  and  quinidine  are 
similar  sterically.   Furthermore,  all  of  the  naturally  occurring 
cinchona  alkaloids  on  degradation  yield  the  same  qulnuclidine 
derivatives.   Therefore  the  configuration  of  carbon  atoms  3  and  4 
must  be  the  same  for  all  of  the  cinchona  alkaloids. 

In  view  of  these  facts  it  would  be  well  to  begin  by 
discussing  the  configuration  of  carbon  atoms  3  and  4.   In  the 
degradation  employed  by  Prelog  and  Zalan  clnchonine  was  converted 
to  a  3,4-diethylpiperidine  (2). 
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cinchonine 


A      (? 

dihydrocinchonine       — >    q-C-CH2CH2 

acid 


.C9H 


2"  5 


HNO; 


benzoyl  derivative 


q-C- 


I 


CH2 
OH 


/V 


2H5 


C7H7SOaCl 


q-CCOH   + 


CHpCN 


2^5 


s 


S 

00 


CHpCOOH 


2^5 


ester 


H 


CH2CH2OH 
H. 


2"5 


V 

H 


CH3CH2Br 


/Nc.h 


2^5 


V 

H 
q  =  quinolyl  group. 


None  of  the  above  reactions  involved  the  centers  of  asymmetry  at 
carbon  atoms  3  and  4,  and  therefore  the  resulting  3,4-diethyl- 
piperidine  should  possess  a  configuration  similar  to  that  of  the 
quinuclidine  nucleus  in  the  alkaloids. 

A  study  to  determine  the  configuration  of  the  3,4-diethyl- 
piperidine  was  made  by  Koelsch  and  Stratton  (3).   By  an  ingenious 
synthetic  approach  they  were  able  to  synthesize  separately  the 
cis  and  trans  forms  of  3,4-diethylpiperidine.   However,  publication 
of  the  work  of  Prelog  and  Zalan  halted  their  study  before 
comparison  to  the  3,4-diethyipiperidine  from  the  degration  was 
made. 


Prelog  and  Zalan 
atom  3  by  converting 
degration  to  (  -  )  3-ethyl-4-methylhexane. 


clarified  the  configuration  of  carbon 
the  3,4-diethylpiperidine  obtained  in  the 
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benzoyl    PBrB 
derivative 


•CH- C 2H5 

H2   0"HO«HB  Raney  Ni 


3Br 


H2 
NaOCH- 


5H3 
Cn3UH2— CH— -CH— CH2Cri3 

C2Hi 


s«s 


The  3-ethyl-4-methylhexane  was  found  to  be  levorotatory .   In 
view  of  the  extensive  work  which  Levene  and  Marker  have  done  on 
the  absolute  configuration  of  such  hydrocarbons,  it  could  be 
assumed  that  the  compound  belonged  to  the  (-)  series  shown  by  the 
space  formula  IV.   However  Prelog  and  Zalan  avoided  any  assumption 
by  synthesizing  a  compound  of  structure  IV  and  showing  that  this 
compound  was  levorotatory. 


CaHe-CH-C  2H 


CaH 


2X15 


C*H 


,C2H 


3"6 


H 


2X16 


IV 


VI 


The  determination  of  configuration  of  carbon  atom  4  involved 
determining  whether  V  or  VI  was  the  correct  structure  for  the 
3,4-diethylpiperidine  obtained  from  the  degradation.   To  do  this 
the  3,4-dlethylplperidine  was  converted  to  the  corresponding 
1,2-dlethylcyclohexane.   Since  the  reactions  involved  do  not 
affect  the  centers  of  asymmetry  and  since  the  1,2-dlethylcyclo- 
hexane obtained  was  optically  inactive,  VI  must  be  the  correct 
structure  for  the  3,4-diethylplperldine. 


X2H5 
r-CpH 


2"5 


H 
C2H5 

2^5 


JOOEt 
CDOEt 


benzoyl 
derivative 


PBr, 


^CH-C2H5 
CH2   ^CHC2HS   CH2(COOEt)8 


NaOEt 


CHpBr      CHpBr 


P2H5 


2H5         Ag 


00H 


Br  3 
CC14 


^2^5         ^2 

Ni 


H     Q2H5 

x.c3h5 


K 


\y 


:       : 


. 


s. 


! 
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The  establishment  of  configuration  for  carbon  atoms  3  and  4 
allows  two  structures,  VII  and  VIII,  for  the  quinuclidine  nucleus 


cu 


L  £^ 


CH=.CH2 


VII 


VIII 


H-CH3 


It  has  long  been  known  that  cinchonine  and  quinine  on  con- 
version to  the  corresponding  desoxy  compounds  give  two  different 
compounds.   Therefore  cinchonine  must  differ  from  quinine  in  steric 
configuration  at  carbon  atom  8.   Further  evidence  in  this 
direction  is  obtained  from  the  fact  that  cinchonine  and  quinidine 
can  be  converted  to  compounds  corresponding  to  structure  IX. 
Under  the  same  experimental  conditions  quinine,  cinchonidine,  and 
cupreine  give  no  reaction.   A  study  of  models  of  these  compounds 
shows  that  in  order  for  an  ether  linkage  to  be  established  as  in 
IX,  the  alkaloid  must  have  structure  VII.   Thus  cinchonine  and 
quinidine  have  structure  VII;  quinine,  cinchonidine,  and  cupreine 
have  structure  VIII. 

The  steric  configuration  of  the  remaining  asymmetric  carbon 
atoi  9  can  be  deduced  from  consideration  of  the  specific  rota- 
tions.  Quinine,  cinchonidine,  and  cupreine  are  levorotatory  and 
hpv=  high  values  of  specific  rotation.   Cinchonine  and  quinidine 
are  dextrorotatory  and  likewise  have  high  values  of  specific 
rotation.   The  difference  between  the  levorotatory  group  and  the 
dextrorotatory  group  is  far  too  great  to  be  accounted  for  by  one 
asymmetric  center  alone.   Therefore  the  configuration  of  carbon 
atom  9  is  levorotatory  in  quinine,  cinchonidine,  and  cupreine 
and  is  dextrorotatory  in  cinchonine  and  quinidine. 

In  conclusion  it  should  be  mentioned  that  this  outstanding 
work  which  Prelog  and  Zalan  have  done  in  establishing  the  steric 
configuration  of  the  cinchona  alkaloids  is  in  reality  only  an 
experimental  confirmation  of  predictions  made  by  Kenner  in 
1922  (4). 
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SYNTHESIS  OF  SECONDARY  AMINES  BY  HYDROGENOLYSIS 


Aliphatic  primary  and  tertiary  amines  are  in  general 
easily  obtained  by  various  reductive  procedures;  however,  most 
of  the  methods  for  the  preparation  of  secondary  aliphatic  amines 
leave  much  to  be  desired  in  the  way  of  yield,  time  required  and 
purity  of  product.   It  is  the  purpose  of  this  seminar  to  review 
briefly  the  more  widely  used  methods  for  the  preparation  of 
secondary  aliphatic  amines  with  special  emphasis  on  hydrogen- 
olysis,  or-  catalytic  debenzylation,  since  this  is  one  of  the 
more  satisfactory  methods  for  the  preparation  of  these  compounds. 

I.  Methods  which  are  more  frequently  employed  for  the  preparation 
of  secondary  aliphatic  amines. 


1.  The  Hinsberg  Method. (l). 


<o 


R'X 


02C1   +   RNH2     ->     </ NVS02NHR       -*  >> 


HC1 
seal  tube 


'/ 


> 


SOoH  +  RNHR'-HCl 


This  procedure  is  somewhat  involved,  is  not  rapid,  and 
freauently  the  overall  yield  is  low. 

2.  Stepwise  alkylation  of  aniline  with  subsequent  nltrosa- 
tion  and  alkaline  hydrolysis  (2): 

Pure  dimethylamine  can  be  prepared  free  from  methylamine 
and  trimethylamine  by  the  hydrolysis  of  p_-nitroso-dimethyl~ 
aniline.   Although  this  method  cannot  be  used  for  the  synthesis 

^-v/Hs  oh;    jr-^ 


0N\  XN  0NX  >0H  +  Me2NH 

N=/    \}H3  N^=^ 

of  high  molecular  weight   amines    (e.g.    di-n-hexyl)    (3)   it  ha6 
various  other   applications    (4): 

a.    For   the  preparation   of  monoalkyl   aliphatic   diamines: 

?2^ v   H0N0 

NH2CH2CH2C1  +  0NHC2H5  ->  NH2CH2CH2N^   N> 


NHaCH3CHaA^"  "^>N0   °^   NHaCHaCHaN-CaHB 
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b.  For  the  preparation  of  heterocyclic  compounds. 

Piperazine  Is  formed  only  in  poor  yield  by  the  action  of  ammonia 
on  ethylene  dlbromlde.   It  can  be  prepared  in  good  yield,  how- 
ever, by  the  following  scheme: 


HONO  OH 
-*  C6H5-N      ^N-CeH, 


HN     XNH 


V 


v 


3.  Reductive  Alkylatlon 

The  well  known  method  of  using  a  carbonyl  compound  and  am- 
monia was  reviewed  in  a  seminar  by  Emerson  (5)  in  1940  and  will 
not  be  considered  here.   Henze  and  Humphrey  (6)  (Texas)  have 
recently  developed  an  improved  procedure  for  the  preparation  of 
secondary  amines  by  this  method.   The  anil  need  not  be  Isolated, 

RCHO  +  RTNH3  ""-»   RCH=N-R»     ftNii»H3  '      RCH3NHR* 

75   3000  lbs. 


Some  amines  and  the  yield  obtained  by  this  method  are  given  below. 

Prepared  by  Henze  and  Humphrey        Prepared  by  Campbell 

C4H9NHR Amine    Yield  (overall) 

R  Yield 


Ethyl 

n-propyl 

i_-propyl 

1 -butyl 

£~butyl 

1.-8  my  1 

n-amyl 


Et  Pr 

43 

31 

Et  Bu 

52 

31 

Pr  Bu 

54 

52 

Pr  i-Bu 

63 

56 

Pr  i_-smyl 

47 

51 

Bu  i-amyl 

58 

41 

Bu  cyclohexyl 

45 

51 

Campbell,  Sommers  and  Campbell  (7)  (Notre  Dame)  have  modi- 
fied this  procedure  with  the  advantage  that  no  high  pressure 
hydrogenation  is  required.   By  their  method  the  anil  is  isolated 
by  vacuum  distillation  (60-80#)  snd    the  reduction  is  carried  out 
with  platinum  oxide  at  room  temperature  and  at  3  atra.  pressure 
of  hydrogen. 

4,  Vllet's  method  given  in  Organic  Synthesis  for  the  prepar- 
ation of  di-butyl  and  di-allyemine.   The  purity  of  the  product 

H+ 
RX  +  Ne3NCN  -»  RaNCN  -»   RSNH 
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is  very  high;  however  this  method  is  limited  to  lower  molecular 
weight  amines  (5), 

5.  Ammonolysis  of  en  Alkyl  hellde  (8). 

If  the  proper  conditions  are  known  this  method  frequently 
finds  application  for  the  synthesis  of  symmetrical  secondary 
amines;  however,  in  general,  application  of  this  scheme  leads 
to  a  mixture  of  products  from  which  the  secondary  amine  can  be 
isolated  only  in  low  yield. 

II.  Hydrogenolysls 

It  has  been  known  for  some  time  that  esters  and  ethers  of 
benzyl  alcohol  can  be  easily  catalytlcally  cleaved  to  toluene 
and  the  free  acid  or  alcohol.   It  was  by  application  of  this 
O-debenzylatlon  that  Bergmenn  (9)  (Dresden)"  was  able  to  prepare 
various  polypeptides.   By  using  I  as  the  starting  amino  acid 

0CH3OCC1  TT  R'CH-COOH 

H  0     S0C1    K  Aw        HOHR' 

RC-COOH     ^U     S0-S1»  Rfl-fl-d        NHA      Rc4-N-iH-C00H 
NH2  J  fl  HN~g~OCH30 

HN-C-O'CHa0 


Pt        H  0  R' 

-*       RC-C-NH-CH-COOH 
H2        NH3 

I 


+   C0: 


and  by  repeating   this  process    several    times  polypeptides  were 
prepared  in  which  both    the   nature   and  position  of   the  R  groups 
were   known. 

It  was  not,    however,    until   recently   that   debenzylation  was 
applied  to   the   synthesis   of    secondary   aliphatic   amines.      This 
work  was  initiated  by   Ba.ltzly   and   Buck   (10)    (Burroughs  Wellcome 
and   Company).      Their  procedure  is   summarized  by   the   following 
series   of    equations: 

<t— V^H0  +   RNH3     -     <^Z^CH=NHR  ^o    *         <fZ^>CHsNHR 

II  III  IV 

-        "       ^H3NRR'      3  ^    ?0o      <_>CH,   ♦  RNHR- 

V  VI 
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The  Schlff  base  III  is  not  isolated.   Stage  II  — ►  IV  is  virtually 
quantitative  and  stages  IV-V  and  V  — ►  VI  give  very  high  yields 
("60-98^). 

When  one  of  the  R  groups  is  methyl  the  elkylation  of  IV  is 
not  achieved  with  a  methyl  halide.   Instead,  a  method  reported 
by  Clarke,  Gillespie  and  Weisshaus  (11)  is  used.   The  yields  by 

RNH2  +  CH30  +  HCOOH   1-SP°  RN(CH3)2  +  C02  +  H20 

100° 
R2NH  +  CH20  +  HCOOH   -»    RSN-CH3  +  C02  +  H20 

this  method  are  virtually  quantitative,  but  the  method  is  appli- 
cable only  to  amines  carrying  no  other  functional  group. 

King  and  Work  (12)  (London)  prepared  a  series  of  hexyl  and 
nonyl  secondary  amines  using  essentially  the  same  method,  start- 
ing with  the  alkyl  halide  instead  of  the  alkyl  amine.   The  yield 

<^_^>CH2NH2  +  RX  —  <^^>CH2NHR   ■£   5   RNHR' 

III 

of  III  was  lower  (65^)  than  when  benzaldehyde  was  used  as  the 
starting  material;  however  this  variation  is  useful  when  the 
corresponding  primary  amines  are  not  available. 

Because  of  the  growing  synthetic  importance  of  debenzyla- 
tion  procedures,  Baltzly  and  Buck  (13)  have  started  an  investi- 
gation to  see  whether  the  lability  of  the  benzyl  group  can  be 
increased  by  convenient  substitution.   They  found  that  in  mole- 
cules of  type  VII,  where  X  is  methoxy,  chlorine,  methyl  or  amine, 

VII 
the  unsubstituted  benzyl  group  was  removed,  to  all  appearances, 
exclusively.   The  only  groupings  so  far  examined  that  have  proved 
more  labile  than  the  unsubstituted  benzyl  group  are  in  effect 
more  extended  aromatic  systems.   cc-Menaphthyl,  p-menaphthyl  and 
p-phenylben zyl  groups  are  removed  in  preference  to  the  benzyl 
group. 

Leonhard  Blrkofer  (14)  (Heidelberg)  has  carried  out  a  rather 
extensive  Investigation  of  N-debenzylation  and  the  results  of  his 
investigation  are  summarized  below. 

1.  Benzylamlne,  dlbenzylamine  and  monoalkyl  benzylamines 
(ill)  are  stable  under  the  conditions  used  for  reductive  debenzyl- 
ation. 

2.  The  hydrogenation  of  quaternary  ammonium  hydroxides  con- 
taining the  benzyl  group  proceeds  to  the  secondary  amine. 
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3.  Tertiary   bsses  containing  cyclic    secondary   amines   con- 
nected  to   a   benzyl   group   are    smoothly   cleaved. 

4.  Aromatic  rings,  carboxyl  groups  and  cyano  groups  have  an 
activating  effect  so  that  the  benzyl  group  of  a  secondary  N-etom 
can  be  removed. 

5.  Benzyl  amides  are  not  cleaved  under   the   conditions  used 
for   catalytic   debenzylation. 

III.    Other  Applications  of   Nitrogen   Debenzylation. 

1.   Nuclear  Methyl? ti on   of   Phenols    (15). 

2,3,5-Trimethylhyciroouinone    (VIIl)   is   an   intermediate   in 
the    synthesis  of   a-tocopherol.      It  has  been   synthesized   by   the 
following   scheme. 


+   CHaO  +  NH(C2H5) 


copper  chromite  (H8) 

2600  lbs.  165° 

OH 

1 

XH3 

/ 

V' 

LCH3 

CH, 

6h 

CH. 


OH 


jO 


H3 
H3 


^>CH2N(C2H5)2 
CHa'X^XJHa 

couple      [H]      [0]      [H] 


VIII 


Decombe    (1?)   had  previously   shown   that   the   Mannich  reaction 
goes  predominately  ortho   on  phenols. 

2.    Synthesis  of   Heterocyclic   Compounds    (16). 


/^v 


CHaBr 


+   0CH2NH; 


^^j^CHsBr 


\  CH]  /VCH2\ 

N~CH20  -♦  I  NH 

/  75*  yield      [Ay 
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PYRIDOXINE 


Pyridoxine,  vitamin  B6 ,  is  that  factor  of  the  B  complex  which 
prevent?  or  cures  an  acrodynia-like  dermatitis  in  rats  and  pro- 
motes growth.   Apparently  pyridoxine  also  prevents  microcytic  hypo- 
chromic anemia  and  is  related  to  the  utilization  of  unsaturated 
fatty  acids  by  the  body. 
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free  base  reacts  with  diazomethane  to  form  a  monomethyl 
3N,  m.p,  101-102°.   The  methyl  ether  is  readily  oxl- 


The 
ether,  C9. 

dlzed  by  barium  permanganate  at  room  temperature.   Two  products  are 
obtained,  a  lactone,  C9H903N  (XIV),  and  a  dibasic  acid,  C9H905N  (I). 


CqH 13O 


acid  gives  no  color  with  ferrous  sulfate,  indicating  that 
arboxyl  is  a  in  the  pyridine  ring.   Fusion  with  resorcinol 


The 
neither  c. 

gives  a  phthalein  which  exhibits  a  green-yellow  fluorescence,  indi- 
cpting  that  the  two  carboxyls  are  vicinal.   Therefore  they  must  be 
attached  to  the  4,5  positions.   The  dibasic  acid  contains  the 
original  C-methyl  residue  and  therefore  must  be  compound  (i)  or  (il). 
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The  dibasic  acid  was  formed  from  the  methyl  ether  of  the  vita- 
min by  the  gain  of  two  atoms  of  oxygen  and  loss  of  four  atoms  of 
hydrogen.   Since  the  vitamin  has  three  active  hydrogen  atoms  in  its 
molecule,  it  must  be  compound  (ill)  or  (IV).   The  dichloroquinone 
chloroimide  test  indicates  that  the  compound  is  a  phenol  which  is 
unsubstituted  In  the  p_a_ra -posit ion.   Hence  pyridoxine  must  be  com- 
pound (ill). 

Harris,  Stiller,  and  Folkers  have  synthesized  the  dibasic  acid 
(i)  and  lactone  (XIV)  obtained  by  the  oxidation  of  the  methyl  ether 
of  pyridoxine.   This  confirms  the  work  of  Keresztesy  and  Stevens 
and  proves  pyridoxine  to  be  2-methyl-3-hydroxy-4, 5-dihydroxymethyl- 
pyridine  (ill).   The  synthesis  is  outlined  below. 
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Harris  end   Folkers  have  synthesized  pyridoxine  hydrochloride 
(XXII)  according  to  the  following  method. 
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Snell  hpe  presented  evidence  for  the  occurrence  in  natural 
material?  of  ?n  active  substance,  "pseudopyridoxine, "  which  is 
different  from  pyridoxine.   Experimental  data  shows  that  an  amine 
with  increased  activity  is  formed  when  pyridoxine  or  its  esters 
are  heated  with  ammonia.   Also  by  heating;  pyridoxine  with  certain 
oxidizing  agents  an  aldehyde  is  formed  which  shows  increased 
activity. 


From  what  is  known  of  structural  specificity  i 
biochemical  functioning  it  seems  almost  certain  tha 
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should  oroduce  one  active  compound.   The  synthesis 
ponding  aldehyde  should  yield  the  active  aldehyde. 
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Harris,    Heyle,    and  Folkers  have    synthesized   an   active  amine 
pnd   aldehyde   and   shown   them   to    be   2~methyl-3-hydroxyl-4-eminomethyl- 
5-hydroxymethylpyridine    (XXIV)    and    ?~methyl-3-hydroxyl~4-formyl-5- 
hydroxymethylpyridine    (XXVI),    respectively.      The   former   was   called 
pyrldoxamine ,    the   letter  pyridoxal.      Pyridoxpmine   was   obtained   in 
best   yields  by   direct   emination   of   compound    (XXIII). 
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Oxidation   of  oyridoxine  with  potassium  permanganate  produced 
an   aldehyde   which  was   isolated   ??   the   oxime.      On   decomposition   of 
the   oxime  with  nitrous   ^cid   pnd    treatment   with   alcohol   and  hydrogen 
chloride    the   cyclic    >=cet=>l    (XXV)   w?  s  obtained.      Compound    (XXV)   was 
easily  hydrolysed   to   the   aldehyde  which  mpy  have    either   structure 
(XXVI)    or    ( XXVII). 
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The  isomeric  aldehyde  and  amine  have  been  synthesized  and 
found  to  be  inactive. 

Harris  has  reoorted  that  both  the  triacetate  and  diacetete 
of  pyridoxine  are  fully  as  active  as  the  vitamin  itself.   Both 
mono-  and  didesoxy  derivatives  of  pyridoxine  were  found  to  be 
inactive. 


BIBLIOGRAPHY 


Harris  and  Folkers,  J.  Am.  Chem.  Soc,  61,  1245  (1939). 
Keresztesy  and  Stevens,  J.  Am.  Chem.  Soc,  60,  1267  (1938), 
Keresztesy  and  Stevens,  J.  Am.  Chem.  Soc,  61,  1237  (1939). 
Harris,  Stiller,  Folkers,  J.  Am.  Chem.  Soc,  61,  1242  (1939). 
Snell,  J.  Am.  Chem.  Soc,  66,  2082  (1944). 
Harris,  Heyl,  Folkers,  J.  Biol.  Chem.,  154,  315  (1944). 
Harris,  J.  Am.  Chem.  Soc,  62.,  3203  (1940). 


Reported  by  J. 
March  28,  1945 


H.  Saunders 


a-kETHYLENIC  REACTIVITY    IN  OLEFINIC    SYSTEMS 
The    system  involved   in   substitutive   reactions   of   olefins   is 


-   C„-   C*=   C  -   CH 

y      b 


|9* 


H 

The  reactivity  most  commonly  expected  of  such  a  simple  olefinic 
system  is  addition  at  the  double  bond.   However,  resonance  in  this 
system,  in  which  a  C-H  bond  is  conjugated  with  an  unsaturated 
(olefinic)  system  should  give  rise  to  increased  reactivity  of  the 
a-methylene  hydrogen  atoms,  probably  smaller  in  magnitude  than, 
but  similar  to  that  which  arises  from  suitable  conjugation  wj.#th 
other  activaiing,,^unsaturated  groups  such  as  carbonyl,  H-"C^C~0, 
or  cyano,  H-C-C^N  (1).   The  system  should,  and  does,  possess  in 
addition  to  its  additive  properties  a  marked  tendency  to  undergo 
substitution  at  Ca  (or  CS),  which  process  is  referred  to  as 
"substitution  in  the  allyl  position."   A  variety  of  these 
substitution  reactions  are  known.   Doubtless  the  reaction 
mechanisms  of  these  processes  differ  from  example  to  example.   In 
some  of  the  substitution  reactions  of  olefins,  such  as  peroxidation 
and  high  temperature  nalogenation,  the  a-methylenic  hydrogen  atoms 
tend  to  come  off  as  atoms,  and  a  free  radical  reaction  mechanism 
is  probably  involved  (2).   Other  of  the  so-called  substitutive 
reactions  of  olefins  probably  involve  attack  at  the  double  bond, 
followed  by  double  bond  reformation.   These  different  possibilities 
will  be  discussed  in  connection  with  the  individual  reactions. 

Of  particular  interest  is  the  influence  on  a-methylenic 
substitution  of  (a)  resction  conditions  and  (b)  alkyl  substitution 
at  the  ethylenic  carbon  atoms.   Available  evidence  suggests  that 
inductive  effects  due  to  alkyl  groups  attached  to  ethylenic  carbon 
atoms  of  olefins  facilitate  substitutive  as  well  as  additive  attack 
and  serve  to  determine  the  point  of  substitutive  ss  well  as  of 

CH-a 


on 


additive  sttack.   In  such  a  system  as  -CB-C=C-CH  substituti 

a  ^   Y  f 

appears  in  practice  more  likely  to  occur  at  Ca  than  CS   (3). 

Reaction  with  Maleic  Anhydride  and  ffsters  of  Azodicarboxylic  Acid 

Alder  and  co-worKers  (4)  have  undertaken  a  systematic  in- 
vestigation of  the  reaction  capacity  of  simple  unsaturated  hydro- 
carbons toward  a, ^-unsaturated  compounds,  especially  maleic 
anhydride.   The  authors  found  that  propylene  reacts  with  maleic 
anhydride  at  230°  and  110  atm.  to  produce  allyl  succinic  anhydride 
in  low  yield. 
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Similar  products  were  obtained  with  n-butylene,  isobutylene, 
n-hexylene,  n-octylene  and  cyclic  olefins  such  as  cyclohexene. 

The  authors  concluded  from  these  findings  that  addition  of 
the  olefinic  compound  takes  place  on  the  carbon  atom  adjacent  to 
the  double  bond  (a-methylene  carbon  atom)  whereby  a  hydrogen 
atom  leaves  this  position  and  adds  to  the  maleic  anhydride.   This 
process,  which  is  a  purely  thermal,  uncatalyzed  addition,  is 
referred  to  by  Alder  as  "substituting  addition  in  the  allyl 
position. " 

An  unexpected  result  was  obtained  when  the  reaction  was 
carried  out  with  allylbenzene.   The  resulting  product  was  not  the 
expected  adduct  (i)  but  the  anhydride  of  a  (Y-phenyl-allyl)- 
succinic  acid  (II) : 


H-CH=CH2 
H-**CH2 


V 


.CO 


V   N-CH=CH-CH2-CH  -  CHa 


I  II 

Esters  of  diazocarboxylic  acid  react  with  olefins  to  produce 
similar  products. 

Peroxidation  Reactions 

With  little  doubt  peroxidation  constitutes  the  first  step 
in  all  auto-oxidations  of  olefins,  although  many  or  all  of  the 
peroxide  groups  formed  may  undergo  decomposition  before  the  end 
of  the  reaction.   In  all  the  (unconjugated)  systems  examined  by 
the  authors  (3,5),  the  oxygen  appears  to  enter  at  the  methylenic 
carbon  atoms  in  the  ct-po3ition  to  the  double  bond  and  there  form 
hydroperoxide  groups. 

Farmer  and  co-workers  suggest  the  following  course  for  the 
peroxidation  reaction: 


-CH-C=C-  +   .00. 
-C-C=C-  +   .00. 


■C-C=C-   +   .00H 


-C-C=C- 
I 
00. 


■c-c=c- 

I 

00. 


+  -CH-C=C- 


-c-c=c- 

00H 


+  -C-C=C- 


If  the  first  stage  of  peroxidation  consists  in  severance 
(presumably  by  molecular  oxygen)  of  a  thermally  or  photochemically 
activated  C-H  bond,  so  leaving  an  olefinic  free  radical,  it  may 
be  expected  that  resonance  between  the  two  three-carbon  forms, 


-CH-C=C  and  -C=C-CH-  will  immediately  follow,  so  there  will  be 

3   2  1      3  2  1 
an  approximately  equal  tendency  for  the  .00H  group  to  appear  at 
positions  1  and  3.   Changes  in  the  arrangement  of  the  double  bonds 
have  actually  been  observed  in  the  peroxidation  of  polyenes. 

Peroxide  decay  generally  occurs  side  by  side  with  new 
peroxidation.   The  hydroperoxide  groups  themselves  revert  to 
hydro xyl  groups  (in  some  circumstances  to  keto  groups)  and 
concurrently  the  active  oxygen  is  used  in  oxidizing  either  the 
adjacent  or  some  remote  double  bond. 

Reaction  of  Qulnones 

In  the  maleic  anhydride  reaction  described  above  there  is  no 
tendency  for  the  fragments  formed  by  dissociation  of  the  olefin 
to  unite  at  the  oxygen  terminals  of  the  system  0=C-CH=CH-C=0 

I        I 
present  in  the  anhydride.   When  the  anhydride  is  replaced  by  a 
suitable  quinone,  however,  such  a  reaction  can  be  realized. 
Reaction  between  cyclohexene  and  the  chlorodiquinone  (I)  occurs 
readily  on  heating,  giving  the  adduct  (II)  (6).   Simple  benzo- 
quinones  do  not  react. 


+ 


ii 


in 

At  a  higher  temperature  these  hydroquinones  (II)  decompose, 
giving  cylcohexadiene  and  the  hydroquinone  (ill),  so  that  the  net 
result  of  the  reaction  carried  out  at  high  temperature  is  dehydro- 
genation  of  the  olefin  and  reduction  of  the  quinone. 

Halogenatlon  Reactions 

The  importance  of  a-methylenic  reactivity  is  very  evident 
in  halogenation  reactions.   Both  substitution  and  addition  occur 
when  an  olefin  in  gaseous  form  is  mixed  with  chlorine  at  low  or 
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non-elevated  temperatures.      For    substitution   to  become    easy, 
however,    and   to    compete   successfully  with  addition,    the    lability 
of   the   a-methylenlc  hydrogen  atoms  requires   enhancing  either  by 
structural  modification  of   the   normal   olefinic   chain  or  by  using 
high  temperatures. 

A   survey   of   the   literature    shows   that   at   normal   temperatures, 

L      /  i      / 

direct  halogenatlon  of  the  type  -C=C-CH  — ►  -C=C-C-OC  +  HX  is 

limited  to  hydrocarbons  in  which  one  of  the  unsaturated  carbon 
atoms  is  fully  substituted.   The  substitutive  reaction  in  this 
case  is  found  to  be  a  liquid-phase  reaction  occurring  in  liquid 
films  on  the  walls  of  the  vessel.   At  a  suitable  rate  of  gas  flow 
isobutylene  (1  mol)  reacts  with  chlorine  (1  mol)  to  give  mainly 
(a)  CH2Cl-CMe=CH2  (0.87  mol).  (b)  CK3CMe=CHCl  (0.03  mol)  and 
(c)  CH3CMeCl-CH3Cl  (0.06  mol),  and  the  ratio  of  the  yield  of  (a) 
to  (b)  changes  little  with  varying  conditions  from  ca.  97/5. 
Concerning  the  mechanism  of  this  halogenatlon,  it  is  now  believed 
to  involve  attack  at  the  double  bond,  followed  by  elimination  of 
a  proton  and  double  bond  reformation  as  shown  below. 

CHa 

I  + 

CH3  -» C=gHa     ->     (CH3)2C-CH2C1  -> CH2=C-CH2C1      +     HOI 

S  ci-  4h3 

oil 

Formation   of  the   methallyl  chloride   could  not   involve  decomposition 
of  an   additive   dlhalide,    because   the   latter   is   too    stable   under 
the   conditions   of   the  reaction.      The  type   of  mechanism   shown  above 
is  probably  involved  in  many  of   the   so-called   substitutive   re- 
actions  of   olefins,    which  have  hitherto  been  believed  to    involve 
direct  attack  at   the   a-methylene    group. 

in   the    case   of  bromination   of  1, l-diphenyl-2, 2-dlmethylethyleru 
the  reaction  has  been   shown   to   take   the   following  course    (7). 

(C6H5)2C=Q^     3     ->     (C6H5)2CBr-Q^Br3     ~> 

CH3  CH3 

^CH2  J3HsBr 

[(C6H5)2CBr-C^       ]     ->     (C6H5)2C=qf 

CH3  v!H3 

For   the  promotion  of   a  good  degree   of   substitutive  halo- 
genatlon in   straightchain   olefins   it   is   necessary   to   rely  on  the 
provision   of   suitable    experimental   conditions.      High   temperatures 
(300-600°,    according  to   the   olefin  and  halogen   concerned)    are 
effective   and  propylene   at   600-650°   gives   at   least  85,5$   of  the 
following   chloropropenes,    CH2C1-CH=CH2    (96?-),    CH3CC1=CH2    (5%), 
and  CH3CH=CHC1    {!%) .      When  bromine   is   used,    the   substitutive 
tendency    is   even   more   marked   (8).      The   chlorination  which   occurs 
at   elevated   temperatures,    whether   substitutive   or  additive,    appears 
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to  be  mainly  (not  exclusively)  of  radical  character  (9). 


Application  of  this  high  temperature  halogenation  process  is 
limited  to  olefins  which  do  not  decompose  under  such  strenuous 
conditions.   Zlegler  and  co-workers  (10)  have  devised  a  general 
method  for  bromlnafion  in  the  allyl  position  which  Involves  the 
use  of  N-bromosuccinimide.   The  latter  reagent  is  very  specific 
for  the  substitution  reaction — addition  of  this  reagent  to  the 
double  bond  has  never  been  observed.   The  general  conditions  are 
excess  olefin  in  carbon  tetrachloride  as  solvent.   The  time  of 
reaction  for  most  of  the  olefins  investigated  varied  from  5  minutes 
to  1  hour.   When  equivalent  amounts  of  reactants  were  used,  yields 
of  50-60$  of  the  substituted  allyl  bromides  were  obtained.   When 
an  excess  of  the  olefin  was  used,  the  yield  was  increased  in 
some  cases  to  &0%.      A  free  radical  mechanism  has  been  suggested 
(11)  to  explain  bromination  of  N-bromosuccinimide,  but  it  should 
be  remembered  that  the  halogen  in  all  N-halogen  compounds  is  positiv 
and  a  mechanism  such  as  that  involved  in  the  halogenation  of 
isobutylene  may  be  involved. 

Oxidation  by  Lead  Tetraacetate 

Criegee  (12)  found  that  lead  tetraacetate  reacts  directly 
with  cyclohexene  to  give  mainly  c.yclohexenylacetate.   Diacetoxyl- 
cyclohexenes  and  1 , 2-diacetoxyl-cyclohexane  were  also  formed. 
This  means  that  acetoxyl  groups  add  at  the  double  bond  of  the 
olefin,  and  also  substitute  at  one  or  both  of  the  a-methylene 
groups  to  give  3-,  3,6-,  and  3, 3-derivatives.   Usually  both 
addition  and  substitution  reactions  occur  concurrently,  the 
former  generally  predominating.   The  reaction  appears  to  be  of 
a  free  radical  type,  involving  the  following  thermal  decomposition. 

Pb(OAc)4  -~  Pb(OAc)3   +  2AC0- 

The   acetoxyl  radicals   thus   formed   attack  the   double   bond  or  an 
a-methylene   group   of   the  olefin. 

Oxidation  by  Selenium  Dioxide 

Selenium  dioxide  exhibits  a  remarkable  regularity  in  attack- 
ing olefins,  aldehydes  and  ketones  at  the  a-methylene  groups.   The 
point  of  attack  in  the  case  of  olefins  is  very  precisely  determined 
by  alkyl  substitution  in  the  chain.   This  is  shown  by  the  action 
of  selenium  dioxide  in  the  presence  of  acetic  acid  on  the 
following  systems  (13),  in  which  attack  occurs  at  the  points 
marked. 
*  *  * 

CH3-CMe=CHMe         CH3-  CHa-CMe=CHa       CH3-C( iso-Pr)=CHMe 
CH3-CMe=CHEt         CK3-  CH3-CPfc-CHMe     RCH3-CEt=CHCH3R 

When  the  reaction  is  carried  out  by  heating  the  olefin  with 
powdered  selenium  dioxide,  the  methylene  groups  attacked  are 
oxidized  to  carbonyl  groups.   If  a  fatty  acid  is  present,  the 
fatty  acid  ester  of  the  corresponding  alcohol  is  obtained.   The 
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exact  course  of  the  reaction,  which  does  not  appear  to  "be  normally 
of  ionic  type,  is  as  yet  undetermined. 

Attack  cv  Other  Oxidizing  Agents 

Oxidative  attack  at  a-methylene  groups  in  olefinic  systems 
by  ozonized  oxygen,  perbenzoic  acid  and  chromic  acid  has  teen 
reported  to  occur  (2). 

Double-bond  Displacement 

Hydrogen  can  be  displaced  as  an  Ion  from  the  a-methylene 
groups  of  olefinic  chains  when  strong  caustic  alkali  is  used  as 
reagent  at  a  sufficiently  high  temperature  (14).   Thus,  linolenic 
acid  Is  converted  to  a  conjugated  lsomeride  when  heated  with 
alkali. 

?rlns  Reaction 

A  claim  is  made  in  a  British  patent  that  olefins  of  the  type 
R1R2C=CR3CH3  (R3  =  Alkyl,  alicyclic,  alphyl  or  aryl;  Rl,Ra  =  the 
same  or  H)  react  at  room,  temperature  with  trioxymethylene  in  the 
presence  of  catalysts  such  as  zinc  chloride,  stannous  chloride, 
zinc  dichloroacetate,  etc.,  in  dry  inert  solvents  such  as  ether, 
chloroform  or  saturated  hydrocarbons  to  give  unsaturated  alcohols 
of  the  type  R1R2C=CR3CH3CH2OH.   Under  the  usual  conditions  of  the 
prins  reaction  (trioxymethylene  in  the  presence  of  acetic-sulfurio 
acids)  the  main  products  are  the  diacetate  R2C(OAc)-CR2-CH3OAc 
of  the  1,3-diol  together  with  the  corresponding  formal 

>>CR2-"GH2 
R2C       0  .   Thus,  whereas  under  the  conditions  of  the  Prins 

^O-HgC 
reaction,  a  normal  acid-catalyzed  addition  to  the  olefinic  linking 
occurs,  the  not  very  dissimilar  conditions  described  in  the  pateno 
are  stated  to  give  ri  3e  to  reaction  at  the  a-methylenlc  hydrogen 
atoms  (1). 

Free  Radical  attack  on  Olefins:  -  Vulcanization  bv  Dibenzoyl  Peroxid 

Dibenzoyl  peroxide  decomposes  thermally  to  give  Ph,  and 
Ph-CO-O-  radicals.   When  an  excess  of  cyclohexene  is  heated  with 
this  peroxide,  numerous  products  are  formed,  but  attack  by  the 
radicals  at  the  a-methylene  groups  greatly  exceeds  their  attack 
at  the  double  bond  (15). 

In  the  vulcanisation  of  rubber  by  dibenzoyl  peroxide  it  is 
believed  that  the  rubber  chains  are  extensively  substituted  at 
the  a-methylene  groups  by  beozoate  anC  (to  a  les&er  extent)  by 
phenyl  groups,  and  at  the  same  time  are  In  some  degree  cross- 
linked  by  bonds  (intermolecular  or  intramolecular)  joining  the 
methylene  groups  of  different  rubber  units  or  bonds  joining 
a-methylene  groups  to  double  bonds  (3). 
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Sulfur  Vulcanisation 

Sulfur  vulcanisation  is  "believed  to  involve  attack  at  the 
a-methylene  groups  producing  interuolecular  links,  usually 
considered  to  be  sulfur  bridges  (sulfide,  disulfide),  but 
possibly  to  some  extent  C-C  bonds.   Extensive  incorporation  of 
sulfur  at  the  later  stages  of  sulfur  vulcanisation,  with  concurrent 
loss  of  unsaturation  of  the  rubber,  is  probably  a  secondary  attack 
involving  the  double  bonds  (3). 
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1,5-  AND  1,8-NAPHTHYRIDINES 


Of   the   six  possible  ring   systems   composed  of    two   pyridine 
rings  fused   through  adjacent   carbon   atoms,    only   tvo    Isomers 
have  been   studied   extensively,    the  1, 5-naphthyridines    (I)   and 
the   1,8-naphthyridines    (II).      Early   investigators  were   inter- 


(II) 

ested  in  naphthyridines  by  reason  of  their  close  similarity 
to  the  pyridines  and  quinolinee;  however,  research  in  the  last 
two  decades  has  been  directed  in  an  increasing  measure  toward 
the  synthesis  of  therapeutics  containing  the  naphthyridine 
nucleus.   Chronologically,  the  1,8-naphthyridines  were  syn- 
thesized before  the  1,5-analogs,  and  that  sequence  will  be  fol- 
lowed here. 


I.  Synthesis  of  1, 8-Naphthyridines 


In  1893  Relssert  (l)  prepared  the  first 
naphthyridine,  the  octahyd.ro  compound.   This 
by  distilling  the  proper  dialkylaminoacetic  acid 
pressure,  as  indicated  by  the  following  equation 


derivative  of  1,8- 
was  accomplished 
at  atmospheric 
It  should  be 


(NH8CHaCHaCH3) 


,CHCOoH 


distil 
atm.  press. 


r 


CH 


"b 


H 


\ 


A 


0 


CH: 
/ 


noted  that  in  this  method  a  substituted  pyridine  appeared  only 
as  an  intermediate,  whereas,  in  all  later  syntheses,  pyridines 
were    employed  as   starting  materials. 

In   the   first   attempts   to   prepare   1,8-naphthyridines   from 
a-amlnopyridines,    ring  closure  on  the    p-carbon   atom   of   the  pyri- 
dine nucleus   could   not  be   effected.      Chichi babin    (2)   has   shown 
that   a-aminopyridines  react   in   two   tautomeric   forms,    one   of 
which  has   pn   active  hydrogen    on   the   nuclear   nitrogen.      This 


<AN 


.„^NH, 


/*N 


H 


hydrogen  is  so  ectivrted  that  unless  the  pyridine  ring  is 
proor-rly  substituted,  ring  closure  will  occur  by  wpy  of  the 
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nuclear  nitrogen   rather   than   on   the    p-carbon   atom.      Thus,    Seide 
(3)    showed   that   Palazzo   and   Tamburini    (4)   obtained  a   dihydroketO' 
pyrimidine   in   their   attempt   to  prepare   2-hydroxy-4~phenyl-l,8~ 
nephthyridine   by   the   Knorr   quinollne    synthesis. 


A  2         ^      A 

+    EtOCCCH3CC6HB         ^ 
VNH"  H8SOt      %An-§-ChJ-CcH 


W 


H 


6Xi5 


CRH 


C=0 


Oskar  Seide  (Moscow,  1926)  found  that  activation  of  the 
pyridine  ring  by  the  substitution  of  an  amino  group  in  the 
position  would  direct  the  Knorr  ring  closure  to  the  p-car- 


a 


!  _ 


bon   atom  as  desired    (5). 


+   EtOOCCH3COCK3 


H2N\N^NH3 


150' 


H9N 


'"^^V 


HNO, 


C=0      H2S04 


H 


Z7% 


PCI 


In   a    similar  manner,    Ochiai   and  Miyaki    (Tokyo,    1941)   prepared 
2,4-dimethyl-7-amino-l,8~naphthyridine   by   condensing   2,6-di- 
aminopyridine  vith   acetylacetone    (6). 

CH  ^3 

<fS                   1  ZnCl3 

I                 +  0=c  -*  o 

H3N\N^MH3                  y1*  130        H2N^N/\N^CH3      K2S°4 

0=C-CH3 


HN0: 
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P0C13 

~~*  o 
140 


In   1920,    Sucharde    (Lwow)    (7)  preoared   substituted   1,8- 
naphthyridines  by   pn   interesting  indirect  method.      By  condens- 
ing phloroglucinol   with  2-aminonlcotinic   acid,    the   difficulty 
of   an   immobile   p-hydrogen   atom  was  avoided.      The   phloroglucinol 
residue,    activated  by   the  hydroxyL  groups,    was   easily   cleaved 
by  permanganate   or   nitric   acid.      Either  partial   or   complete  de- 
carboxylation  of   the   oxidation  product   could  be   carried   out, 
depending  on   the   temperature    employed. 


/V 


COOH 


V^NH, 


OH 


HO 


210-220 


\S 


OH 


OH      OH 


KMn04 
0H~ 


OH 


COOH      120 


V'V'COOH 


OH 


f^YVoOH      304° 

Vv 


Ij/Nn/ 


The  malonic    ester   synthesis  of   2, 4-dichloro-l,8-naphthyri- 
dine,    developed  by  Koller    (Wien)    (8,    17),    is  of    interest   because 
it   led   to   the   isolation  of    the  parent   compound,    1,8-naphthyridine 


/^ 


V 


COOCH 
NHa 


3   +   CH2(C00Et) 


NaOEt 

EtOH 
145-150" 


dil.    KOH 
reflux 


57% 


OH  cl 


SjAu^oh 


PCI 


WC1 


m.p.    98-99° 

The   inactivity   of   the    p-hydrogen   ptoin   in  pyridine   made  Impossible 
the  preparation   of   1,8-naphthyridine   by   the   Skraup    synthesis; 
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In  feet,  reduction  of  chlorine-containing  derivatives  remains 
the  only  reported  method  of  synthesizing  this  unsub6tituted 
base. 

Recently  the  use  of  the  Doebner  quinoline  synthesis  for  the 
preparation  of  2-phenyl-l,8~nephthyridine  has  been  reported  by 
Mazza  and  Mlgll8rdi  (9,  10).   The  original  literature  reference 
is,  however,  not  available;  hence,  in  view  of  previous  diffi- 
culties with  a-pminopyridine,  it  is  not  known  whether  conclusive 
proof  of  the  indicated  structure  was  presented. 


COOH 


0. 


H 


-\<r  ^ 


abs.  EtCH  reflux 
— ►        — > 

30°     10-12  hrs. 


COOH 


150' 


^V^ 


%/N 


N'  XN' 


t-O 


m.p.  97 


II.  Synthesis  of  1, 5-Naphthyrldines 


As  a  study  of  the  1,8-naphthyrldines  has  indicated,  the  Im- 
position in  the  pyridine  ring  is  relatively  inactive;  however, 
the  hydrogen  atoms  in  the  a-  ?nd  ^-positions  have  considerable 
mobility.   The  synthesis  of  1, 5-naphthyridine  by  ring  closure 
on  the  a-poeition  of  p-arainopyridine  has  been  effected  by  the 
Skraup  method  with  little  difficulty  (11,  12,  1?). 


/%. 


NH; 


+  CHpOKCHOHCHoOH 


\n^ 


H2S04 

— > 

H3As04 
170° 


N. 


ft) 


m.p.  75° 

The  remaining   syntheses   of   1,5-naphthyridines   are  modifi- 
cations  of   reactions  given  previously   for   the   1, 8-naphthyridines. 
Klisiecki   and    Sucharda    (14)   prepared  4-hydroxy-l, 5-naphthyridine- 
2,3-dlcarboxylic    acid   by   condensation   of   ^-amino-2-plcolinic 
acid  with  phloroglucinol,    followed  by   oxid-tion. 


/^ 


NH: 


\N^C00H 


HO 


/%* 


OH 


OH  205 

1/2  hour 


OK      HN0: 


~5- 


N  y.  N  y.  N 


a 


/\^COOH 
OH 


^ 


NAy 


COOH 


kt^sj 


OH 


OH 


The  Doebner  synthesis  wa  s  used  to  advantage  in  the  prepar- 
ation of  substituted  1, 5~naphthyridines  (15). 


2  +  CHo-C-COOH  + 


C6H5CH0 


EtOH 
— ► 

heat 


^v\ 


CRH 


6n5 


COOH 


Paraldehyde  and  2-hydroxy-5-aminopyridine  were  the  re- 
actants  in  a  patented  modification  of  the  Doebner-von  Miller 
quinoline  synthesis  (11). 


•V 


HO 


^H^  .    cone.  HC1 


2  +  (CH3CHO) 


\^ 


reflux 


III.  Properties  and  Reactions  of  Naphthyridine s 

The  unsubstituted  1,5-  and  1,8-naphthyridine s  form  hydro- 
scopic needles  with  a  quinoline-like  odor;  they  are  soluble  in 
all  the  usupl  solvents.   In  general,  substituted  1, 5-naphthyri- 
dines behave  as  dibasic  compounds  in  regard  to  salt  formation; 
however,  the  1,8-naphthyridlnes  form  only  monobasic  salts. 

Several  workers  have  investigated  the  catalytic  dehalogen- 
ation  of  1,8-naphthyridlnes  (6,  16,  17,  18,  19).  The  addition 
of  the  calculated  amount  of  hydrogen,  with  palladium  on  calcium 
carbonate  as  catalyst,  removed  the  halogen  from  2,4-dimethyl-7- 
chloro~l,8-naphthyridine.  More  drastic  conditions  resulted  in 
extensive  nuclear  hyc  rogenatlon  .,  as  indicated  in  the  following 
sequence  of  reactions'.   The  hydrogen? tion  of  methyl-substituted 


Pd-CaC03 
MeOH-KOH 


PtOa 


HQ 


Na 
EtOH 


~6- 


1,8-naphthyridines  to  the  tetrahydro  compounds  occurred  In  a 
manner  similar  to  that  observed  in  the  hydrogenation  of  the 
corresponding  oulnolines.   The  methyl  groups  deactivated  the 
a-  and  ^-positions  by  an  inductive  effect  end  caused  the  hydro- 
genation to  occur  almost  exclusively  in  the  other  ring. 

An  application  of  the  dehalogenation  reaction  to  the  syn- 
thesis of  therapeutics  appears  in  the  patent  literature  (20). 
3~Amlno~l,5-nephthyridine  was  prepared  by  the  simultaneous  de- 
halogenation and  reduction  of  ~2-chloro-3-nltro~l,  5-naphthyridine  . 


HO 
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0SN 
HO 
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P0C13,  pci5 
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Me  OH 
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HXBROCKNOLX&IS  OF  GROUPS  CM  TK£  BENZENE  RING 

I.  Replacement  of  Halogen 

Methods  for  the  replacement  of  aromatic  halogen  groups  by 
hydrogen  may  be  divided  into  three  general  classifications: 
electrolytic,  chemical  and  catalytic. 

The  electrolytic  method  has  had  very  little  application. 
Aryl  bromides  in  alkaline  methanol  solution  may  be  cleaved  using 
palladium,  copper  or  lead  cathodes  to  give  good  yields  of  the 
desired  hydrocarbon. 

The  most  generally  used  chemical  reduction  of  halogen  groups 
involves  the  use  of  hydrogen  iodide  and  phosphorus.   Klages 
studied  this  reaction  extensively  and  found  the  following  trends. 

(1)  The  ease  of  splitting  out  of  halogen  increases  with  the 
size  from  fluorine  to  iodine.   In  a  compound  containing 
different  halogen  groups  those  of  higher  weight  can  be 
selectively  cleaved  by  control  of  temperature. 

(2)  The  effect  of  temperature  on  the  rate  of  reaction  is 
considerable. 

(3)  The  ease  of  splitting  out  of  halogen  is  facilitated  by 
small  alkyl  groups  in  the  ortho  and  para  positions. 
Alkyl  groups  in  the  met a  position  do  not  influence  the 
reaction.   if  the  alkyl  groups  in  the  ortho  positions 
are  large,  steric  hindrance  decreases  the  ease  of  cleavao- 


(4)  Halogen  atoms  do  not  influence  ease  of  cleavage  of  other 
halogens — bromobenzene,  £-dibromobenzene,  _s-tribromo- 
benzene  and  hexabrornobenzene  all  being  completely  reduce1 
at  300°. 

(5)  Hydroxyl  and  alkoxyl  groups  in  ortho  and  para  positions 
activate  halogens  more  than  alkyl  groups  do.   Their 
effect  in  the  aeta  position  is  small. 

(6)  The  carboxyl  group  is  indifferent. 

(7)  Nitro  groups  have  no  effect  on  replaceabllity  by  hydrce.. 
but  after  reduction  to  amino  groups  a  considerable  ei'ie:., 
is  noted — an  ortho  or  para  amine  group  facilitating  the 
removal  of  halogen. 

The  catalytic  removal  of  halogen  from  aromatic  compounds 
can  be  effected  by  a  variety  of  catalysts  under  the  proper  condi- 

ons.   Palladium  on  carbon,  palladinized  calcium  carbonate,  re- 
duced nickel,  colloidal  palladium  on  gum  arable,  palladinized 
rarium  sulfate  and  platinum  black  are  among  the  most  effective 
catalysts  for  removal  of  halogen  by  low  pressure  hydrogenation. 
In  nost  cases  alkaline  alcohol  as  solvent  greatly  increases  the 
/ield,  and  a  suspension  of  the  compound  in  aaueous  alkali  ofter 
^ives  good  results. 
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Schwenk,  Whitman,  Papa  and  Ginsberg  have  recently  reported 
the  replacement  of  halogen  by  hydrogen  when  compounds  are  treated 
with  nickel-aluminum  alloy  (Raney)  and  aqueous  alkali.   This  dis- 
placement is  independent  of  the  number,  position,  or  presence 
of  other  groups.   The  reduction  appears  to  be  due  to  liberation  of 
hydrogen  which  is  then  activated  by  the  presence  of  the  nickel. 
Addition  of  toluene  or  alcohol  facilitates  reductions  of  alkali- 
insoluble  compounds.   Other  easily  reduced  groups,  such  as 
-N02,-CHO,-CH=CH2,  and  -COCK3 ,  present  in  the  compounds  will  be 
simultaneously  reduced,  but  the  unsaturated  bonds  in  the  ring 
are  not  affected. 


Table  I 

Halogens 

Compound 

Product 

Yield 

1.  Eromobenzene* 

benzene 

100$ 

2.  m.-Chlorobenzoic  acid 

benzoic  acid 

100$ 

3.  p_-chloronitrobenzene* 

aniline 

65$ 

4.  jD-chlorobenzaldehyde 

toluene 

60$ 

5.  5-chloro-2-hydroxybenzaldehyde 

o- ere sol 

75$ 

6.  jo-bromoacetophenone* 

ethylbenzene 

67$ 

7.  p-  (p_-chlorobenzoyl)-propionic  acid 

3^-phenylbutyric 

acid   70$ 

* 
25  cc.  of  alcohol  used  as  solvent. 

II.  Hydrogenolysis  of  Groups  other  than  Halogen  by  Means  of  Raney 
Alloy  and  Aqueous  Alkali. 


:o,  displacement  of  sulfonic  acid  groups  by  hydroger. 
lited  to  a- sulfonic  acid  groups  in  naphthalene,  only 


Hitherto 
has  been  11ml, 

a  few  instances  of  similar  displacements  being  noted  for 
^-compounds.   By  the  method  of  Schwenk  and  coworkers,  a-  and 
3-naphthalenesulfonic  acid  groups  as  well  as  benzenesulfonic  ac 
groups  are  replaced. 


.0. 


Table    II 
Sulfonic   Acids 


Compound 


1.  benzenesulfonic  acid 

2.  o_-sulfobenzoic  acid 

3.  m-sulf obenzoic  acid 

4.  naphthalene  p-sulfonic  acid 

5.  2-naphthol-6-8ulfonlc  acid 

6.  2-naphthol-3-6-di sulfonic  acid 


Product 

Yield 

benzene 
benzoic  acid 

10$ 

40^ 

benzoic  acid 

50$ 

naphthalene 

£-naphthol 

£-naphthol 

40$ 
30$ 
30$ 

Two  organometallic  compounds  were  investigated,  arsanillc 
acid  and  phenyl  mercuric  acetate,  the  former  yielding  aniline  an^. 
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the  latter  dlphenyl  upon  reduction. 

Of  the  compounds  studied  only  halogen  and  sulfonic  acid 
groups  are  displaced  by  hydrogen  from  mono-substituted  benzene 
derivatives.   In  disubstitut ed  compounds  alkoxyl  groups  may  also 
be  displaced — this  depending  on  the  nature  and  position  of  the 
other  substituent.   In  general,  when  meta-directing  groups  are 
present  in  the  ortho-  and  para-positions  to  the  alkoxyl  group 
displacement  occurs.   In  compounds  having  an  ortho-para  directing 
group  as  the  other  substituent,  or  in  compounds  having  a  meta- 
airecting  group  in  the  meta  position,  no  displacement  occurs. 

Table  TTT 
Disubstitut ed  Benzene  Derivatives 

Compound  Product  Yield 

1.  o-methoxybenzaldehyde  g-cresylmetfaylether  45$ 

toluene  15$ 

benzoic  acid  20$ 

2.  o_-methoxybenzolc  acid        benzoic  acid  100$ 

3.  o-methythiobenzoic  acid      benzoic  acid  75$ 

4.  o-benzyloxybenzolc  acid      salicylic  acid  75% 
r.  dlphenyl  ether              recovered  unchanged 

I  .  p-methoxybenzyl  alcohol*     g-cresylmethyl  ether      50$ 

toluene  15$ 

7.  2~methoxybenzaldehyde        p_-cresyl  methyl  ether     30$ 

toluene  45$ 

8.  p_-nitroanisole*  p_-anisidine  70$ 

aniline  20$ 

* 
25  cc.  of  alcohol  used  as  solvent. 

Benzyloxyi  compounds  are  split  in  the  same  manner  as  observes 
in  other  reduction  methods,  o-benzyloxybenzoic  acid  yielding 
toluene  and  salicylic  acid. 

The  introduction  of  a  hydroxy  1  or  alkoxyl  group  as  the  thiro 
group  in  the  ring  alters  considerably  the  course  of  the  dis- 
placement reaction.   Thus,  in  tri  substituted  benzene  derivat.V/r& 
of  the  general  formula  RCeHgR'R",  where  R  is  a  meta-directing 
group  other  than  carboxyl,  R'  is  either  an  hydroxy 1  or  alkoxyl 
group,  and  R"  is  an  alkoxyl  grou:,  displacement  of  the  meta- 
directing  groups  by  hydrogen  was  observed,  this  displacement  being 
independent  of  the  position  relationship  of  the  three  groups. 
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TANNINS  AND  WOOD  PIGMENTS 


The  natural  tannins  are  polar-solvent-soluble  extractives 
from  plant  tissue  which  are  strongly  absorbed  and  irreversibly 
fixed  by  raw  skins,  converting  the  proteins  of  the  hide  to 
tough,  insoluble  leather.   All  tannins  are  polyhydroxy  phenols, 
are  easily  oxidized,  and  exist  as  amorphous,  often  hygroscopic 
solids  which  are  difficult  to  purify  without  effecting  de- 
composition and  which,  in  many  cases,  decompose  in  air  and 
light.   While  the  tannins  have  been  the  subject  of  much  study, 
their  intractable  properties,  the  failure  of  chemists  to  recog- 
nize the  existence  of  different  types  of  tannins,  and  the 
prevalence  of  theoretical  speculation  without  adequate  experi- 
mentation contributed  to  general  confusion  in  the  field.   In 
the  last  fifteen  years,  however,  research  in  tannin  chemistry 
has  been  based  on  more  careful  and  constructive  work,  and  some 
progress  seems  apparent. 

Classification  of  Tannins.   On  a  chemical  basis  the  natural 
tannins  have  been  divided  by  Everest  and  Perkin  into  three  groups 

I.  Tannins  related  to  depsides 
II.  Tannins  related  to  diphenyldimethylolid 
III.  Phlobaphene-producing  tannins  or  phlobatannins 

Tannins  of  groups  I  and  II  are  hydrolyzed  by  boiling  dilute 
mineral  acids  to  give  glucose  and  gallic  acid  and  glucose, 
gallic  acid,  end  ellagic  acid,  respectively;  the  phlobatannins 
are  completely  converted  by  this  treatment  to  darkly  colored, 
insoluble  phlobaphenes.   Other  chemical  methods  of  differenti- 
ating these  classes  are  given  by  Russell. 


Tannins  Related  to  Pepsi 
is  known  to  be  related  to  the 
occurs  chiefly  in  the  galls  o 
species  of  oak  and  sumac.  Fi 
gallotennin,  on  hydrolysis  wi 
nearly  one  molecule  of  glucos 
Since  Herzig  and  Tscherne  had 
of  completely  methylated  gall 
gallic  acid  and  ?-hydroxy-4, 5 
postulated  the  structure  of  g 
cose  (I).  With  Bergmann  and 
in  the  following  manner. 


CH,CO. 


des.      The   only  natural    tannin  which 

depsides   is   gallotannin,    which 
n   the   leaves   and  buds   of   certain 
scher  and   Freudenberg  found   that 
th   dilute  mineral   acids,    yielded 
e   to   ten  molecules   of  gallic   acid, 
previously    shown   that    the  hydrolysis 
otannin   yielded  3, 4, 5-trimethoxy- 
-dimethoxygallic   acid,    Fischer 
allotannin  as  penta-m-digalloylglu- 
Lipschitz  he  prepared   the   compound 
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Although  both  pre  amorphous  the  synthetic  product  compared  very 
closely  with  natural  gallotannin. 


While  Fischer  also  prepared  glucose  pe 
not  evaluate  it  as  a  tanning  agent,  and  Rus 
others  (1942-1944)  in  a.  study  directed  towa 
of  chemical  constitution  and  tanning  effect 
tested  a  series  of  simple  esters  and  polyes 
It  has  been  found  that  tanning  properties  a 
the  simple  gallates  but  are  shown  increasin 
galloyloxy  groups  in  the  molecule  is  increa 
gallates  of  glucose  and  mannose  and  a  tetra 
have  tanning  properties  equal  to  gallotanni 
fructose  pentagallate  is  not  a  tanning  agen 


ntagallate,  he  did 
sell,  with  several 
rd  the  correlation 
,  has  prepared  and 
ters  of  gallic  acid, 
re  not  exhibited  by 
gly  as  the  number  of 
sed.   Various  penta- 
gallate of  arabinose 
n,  but,  surprisingly, 
t. 


Tannins  Related  to  Diphenyldimethylolid.   Ella.gitannin, 
occurring  widely  but  in  greatest  amount  in  the  nuts,  pods,  and 
woods  of  various  trees,  notably  chestnut  and  oak,  is  the  only 
natural  tannin  which  has  been  identified  positively  as  being 

related  to  diphenyldimethylolid.   On 
acid  hydrolysis  it  gives  ellagic  acid 
(II),  gallic  acid,  and  glucose  and  is 
probably  a  glucoside  (Russell,  1935; 
Reichel,  1941).   Although  the  structure 
of  the  tannin  is  not  known,  the  syn- 
thesis of  ellagic  acid  has  been  effected, 
by  the  oxidation  of  gallic  acid  with 
arsenic  acid,  iodine  and  water,  or  potassium  pereulfate, 

Phloba tannins.   The  remaining  known  natural  tannins  are  all 
phlobatannins  and  are  characterized  by  the  property  of  forming 
insoluble  phlobaphenes  on  treatment  with  boiling  dilute  mineral 
acids.   A  typical  tannin  of  this  class  is  catechu  tannin  which 
occurs  with  a  pigment,  cetechin,  in  Uncaria  pambier .   Since  both 
the  tannin  and.  cetechin  give  the  same  products  on  alkali  fusion 
it  is  of  interest  to  examine  the  chemistry  of  catechin  itself. 
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Catechin  (Ci 
which  gives  phlor 
fusion.  Oxidatio 
duces  veratric  ac 
Perkin  to  ascribe 


HOT 


0 
H 


5H!406)  is  a  difficulty-crystalline  material 
oglucinol  and  protocatechulc  acid  on  alkali 
n  by  permanganate  of  its  tetramethyl  ether  pro- 
id  and  phloroglucinol  dimethyl  ether,  leading 
to  it  the  formula  3  (or  4)  5,7, 3T ,4»~penta- 
^OH    hydroxyflaven  (ill).   Evidence  for 

this  formulation  came  from  Freudenberg 
who  found  that  reduction  of  catechin 
tetramethyl  ether  and  methylation  of 
the  product  gave  a  compound  (V)  identi- 
cal with  that  obtained  by  the  reduction 
of  2f ,4f ,6* , 3,4-pentamethoxychalcone 
(V)  with  hydrogen  and  platinum. 
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The  final  proof  of  structure  of  catechin  was  the  synthesis  by 
Freudenberg,  Fikentscher,  Harder,  and  Schmidt  of  its  pentamethyl 
ether  (VI)  by  reduction  of  the  pentamethyl  ether  of  cyanidin 
chloride  (VII )  of  known  structure,  previously  prepared  by 
Willstatter,  Zechraeister,  and  Kindler.   The  essential  steps  in 
the  entire  synthesis  are. 
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Similarly  catechin  was  obtained  from  cyenidin  chloride,  and 
catechin  pentemethyl  ether  was  obtained  from  quercitin  penta- 
methyl  ether  (VIII ). 


OCH. 


OCH. 


Since  catechin,  which  is  not 
a  tannin,  and  catechin  tannin  give 
identical  products  on  alkali  fusion 
it  aopeared  that  the  phlobatennins 
must  be  built  on  the  catechin  model. 
Appreciating  the  fact  that  the 
phlobetannins  might  well  be 
hydroxylated  in  the  4-posltion  in- 
stead of  the  3-position,  Russell, 
with  many  coworkers  (1934-1942),  has  prepared  a  large  number  of 
compounds  related  to  the  4-hydroxyf lavans.   The  following  syn- 
thesis is  typical  of  the  method  used. 
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The  evidence  Is  in  favor  of  the  formation  of  the  bis- 
flevpinacol  type  of  structure  (IX).   The  product  is  amorphous 
while  cetechin  and  similar  compounds  ere  crystalline;  the  re- 
duction of  various  ketones  under  similar  conditions  produces 
bis-type  compounds;  and,  finally,  the  hydrogen  uptake  in  the 
reduction  is  only  sufficient  to  account  for  formation  of  the 
pinacol. 

The  series  of  flavpinacols  has  been  extended  by  the  use  of 
o_-hydroxylacetophenone,  resacetophenone,  phloracetophenone,  and 
gellacetophenone  as  ketones  and  protocatechualdehyde,  vanillin, 
and  p_-hydroxybenzaldehyde  as  aldehydes  in  various  combinations 
in  the  above  synthesis.   With  the  exception  of  the  water-insol- 
uble flavpinacols  from  the  latter  two  aldehydes,  the  products 
are  amorphous,  water-soluble  compounds  which  tan  leather,  have 
absorotion  soectra  very  close  to  the  natural  tannins,  and,  in 
general,  have  a  close  Qualitative  similarity  to  them.   The 
hydroxyls  °t   positions  31  and  4*  in  ring  B  (IX)  are  sufficient 
for  tanning  properties.   The  number  and  disposition  of  substi- 
tuents  in  ring  B  have  a  greater  effect  on  solubility  than  in 
ring  A,  while  the  number  and  disposition  of  substituents  in 
ring  A  have  the  greatest  effect  on  color,  which  is  intensified 
by  increased  substitution  in  that  ring. 

Using  similar  technics  to  those  described  above  Russell 
and  his  students  have  prepared  various  polyhydroxy  chalcones, 
flavanones,  and.  anthocyenidins,  as  well  as  one  flevpinacol,  from 
2, 5~dihydroxyacetophenone  and  a  variety  of  hydroxy  aldehydes. 
They  have  also  prepared  a  number  of  substituted  2-phenyl-l-a- 
naphthopyrylium  chlorides  (analogs  of  2~phenylben?opyrylium 
chloride)  by  the  condensation  with  anhydrous  hydrogen  chloride  of 
(3-nephthol  aldehyde  and  substituted  acetophenones  and  have  ef- 
fected the  synthesis  of  a  number  of  chalcones  and  one  flavanone 
from  9-anthraldehyde  and  various  acetophenones  in  a  similar  man- 
ner.  The  properties  of  these  compounds  ere  similar  to  the  cor- 
responding benzene  compounds. 

The  mechanism  of  phlobaphene  formation  from  the  phloba- 
tannins  is  not  clear.   The  available  data  indicate  that  a  poly- 
merization occurs,  eliminating  water,  in  which  the  phenolic 
groups  do  not  take  part. 
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SYNTHESES  OF  ALIPHATIC  TERPENE  ALCOHOLS  FROM  ISOPRENE 
Lennartz,  Research  Institute  of  Chemical  Therapeutics,  Frankfurt 

Isoprene  is  a  structural  unit  of  terpenes,  carotinoids  and 
rubber.   Many  investigators  have  devoted  considerable  time  to  the 
identification  of  naturally  occurring  terpenes  and  terpene  al- 
cohols, but  only  in  recent  years  have  investigators  prepared  and 
identified  such  compounds  from  the  fundamental  unit,  isoprene. 
Also  much  thought  has  been  given  to  the  possible  biological  genesis 
of  terpenes  and  terpenoids  from  2-methylbutadiene  or  its  derivatives 
and  to  the  possible  mechanism  of  the  reaction. 

Wagner-Jauregg  treated  isoprene  in.  vitro  with  0.3  per  cent 
sulfuric  acid  in  glacial  acetic  acid  and  was  able  to  isolate  and 
identify  geraniol  (I)  and  a-terpineol  ( II )  from  the  complex 
mixture  of  products  obtained.   Cyclic  terpene  ethers,  alcohols  and 

CH3  9^3  9^3 

CH.   ^CH        CH.   \h      CH,   ^CH 

I  I         -  I        If      -I         ! 
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hydrocarbons  were  indicated  to  be  present  in  the  reaction  mixture, 
but  definite  known  compounds  were  not  isolated. 

Wagner-Jauregg  suggested  that  the  complicated  composition  of 
the  reaction  mixture  obtained  by  reaction  of  isoprene  in  sulfuric 
acid-glacial  acetic  acid  could  be  explained  by  simultaneous 
polymerization  and  hydration  of  isoprene  under  ideal  conditions 
for  isomerization  ( cyclization,  migration  of  double  bonds  and 
acetylation)  and  for  the  splitting  out  of  acetic  acid  from  the 
molecule . 

By  treatment  of  isoprene  with  dilute  sulfuric  acid  a  mixture 
of  hydrocarbons  and  ethers  was  obtained  in  addition  to  free 
alcohols.   It  was  possible  to  isolate  1,4-cineol  (III)  and  1,8- 
cineol  (IV)  through  their  addition  complex  with  ferrocyanic  acid. 
The  identity  with  natural  products  was  shown  through  crystalline 
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derivatlves.   In  the  laboratory,  1,4-cineol  has  been  prepared  by 
the  elimination  of  water  from  1,4-terpin  by  means  of  oxalic  acid. 
1,4-Terpin  might  possibly  be  an  intermediate  in  the  synthesis  of 
1,4-cineol  from  isoprene.   The  formation  of  1,8-cineol  could  be 
indicated  through  the  loss  of  water  between  two  molecules  of 
dimethylvinylcarbinol  (v). 

The  later  research  of  Favorski  and  Lebedeva  definitely  in- 
dicated that  prenol  (VI)  (2-methylbutene-(2) »ol-4)  was  an  inter- 
mediate in  the  synthesis  of  terpene  alcohols  from  isoprene. 
Favorski  and  Lebedeva  isolated  from  the  reaction  products  obtained 
by  shaking  dimethylvinylcarbinol  with  20  per  cent  sulfuric  acid, 
in  addition  to  isoprene  and  dimethylvinylcarbinol,  the  terpene 
alcohols  linalool  (VII)  geraniol  (i),  and  terpin  hydrate  (1,8- 
terpln).   The  allylic  rearrangement  of  dimethylvinylcarbinol  (V) 
to  prenol  (VI)  was  shown  to  be  reversible.   This  transformation 
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was  also  carried  out  in  50  per  cent  yield  in  the  presence  of 
sulfuric  acid  in  glacial  acetic  acid  by  Lennartz  in  order  to 
identify  prenol  obtained  synthetically  from  isoprene  by  treatment 
of  the  hydrocarbon  with  0.9  per  cent  sulfuric  acid  in  glacial 
acetic  acid  in  the  presence  of  inhibitors  such  as  hydroquinone 
and  cupric  acetate.   Lennartz  concluded  that  water  adds  to  iso- 
prene in  the  1,2-manner  rather  than  in  the  1,4-manner  and  that 
1,2-addition  is  followed  by  allylic  rearrangement. 

In  addition  to  the  acetate  of  prenol  there  was  obtained  in 
good  yield  from  the  reaction  mixture  geraniol  (l),  two  other 
primary  aliphatic  terpene  alcohols  (designated  as  El  and  EIl)with 
a  lavender  odor,  Isomeric  with  geraniol  but  lower  boiling;  the 
sesquiterpene  alcohol,  Farnesol  (VIII ),  and  an  aliphatic  diter- 
pene  alcohol  C30H340.   Linalool  (VII)  and  another  tertiary  terpene 
alcohol  were  also  Identified. 

yri3  y^3  Y^-3 

CH3  —  C=Cri— CHgCHg—C^Cii—  CHg- CHg- C^CHvjHgOH 

VIII 

For  investigation  of  the  ester  mixture  resulting  from  the 
polymerization  of  Isoprene  it  was  found  advisable  to  separate  by 
fractional  distillation  the  acetates  of  the  terpene  alcohols  from 
the  greater  part  of  the  hydrocarbons  formed  simultaneously,  which, 
in  this  connection,  were  not  further  Investigated. 

G-eranyl  acetate  was  separated  from  the  crude  ester  mixture  of 
monoterpene  alcohols  and  identified  through  a  crystalline 
derivative  compared  with  the  natural  product.   The  other  two 
primary  alcohols  (EI  and  Ell)  which  were  isomeric  with  geraniol 
also  gave  crystalline  derivatives  but  could  not  be  identified  with 
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certainty . 

The  mixture  of  tertiary  alcohols  and  hydrocarbons  remaining 
after  the  separation  of  the  primary  alcohols  was  rearranged 
according  to  the  procedure  of  Ruzicka  and  FIrmenlch  by  means  of 
phosphorous  tribromlde  in  pyridine  followed  by  potassium  acetate 
in  acetone.   After  the  separation  of  the  primary  alcohols  with 
phthalic  anhydride  two  fractions  were  obtained  by  fractional 
distillation.   The  first  of  these  showed  extensive  agreement  in 
physical  properties  with  the  primary  alcohol,  EI,  mentioned  earlier, 
and  the  second  proved  to  be  geraniol.   Hence  one  of  the  tertiary 
alcohols  was  linalool  (VII).   Thus  the  suggestion  made  by 
Wagner-Jauregg  that  linalool  might  be  a  precursor  of  geraniol  seems 
reasonable. 

The  conclusion  of  Wagner-Jauregg  that  hydration  of  isoprene 
takes  place  at  least  in  part  before  the  dimerization  was  confirmed 
by  Lennartz,  in  that,  as  a  result  of  allylic  rearrangement  of 
dimethylvinylcarbinol,  there  appears  beside  prenyl  acetate  a  small 
amount  of  terpene  acetate  having  the  boiling  point  of  geranyl 
acetate  'a6  well  as  isoprene.   Undoubtedly  water  is  split  from  a 
part  of  the  carbinol  and  the  resultant  isoprene  can  react  with 
prenyl  acetate  in  the  1,4-manner.   Lennartz  also  demonstrated  that 
the  primary  dimethylvinylcarbinol  could  react  with  isoprene  to 
form  the  tertiary  alcohol,  linalool  (VII,  which,  in  turn,  rearranges 
to  peranyl  acetate. 

The  following  diagram  summarizes  the  possible  paths  by  which 
dimethylvinylcarbinol  may  form  geraniol. 

(JH3        allylic 
-H2Q  CH3-C-CK=CH2   ^rearrangement 

&r  oh       ^si 

CH2=^-CH=CH2  CH3-C=CHCHaOH 


+  <JH3  Prenol 

CH3-C-CH=CH8  | +  CHa=CH-CH=CH2 

6h  L     6h3 

allylic 


CH3        CH3        rearrangement       CH3        CH3 
CH3-C=CH-CH2CH2-C-CH=CH2  -»         CH36=C-CH2CH2~(!:=CHCH20H 

OH 

Linalool  G-eraniol 

The  higher-boiling  fractions  of  terpene  alcohols  which 
contained  the  sesquiterpene  acetate  of  farnesol  was  separated 
into  three  fractions  through  high  vacuum  distillation.   Farnesol 
(VIII)  was  obtained  from  the  middle  fraction  and  identified  by 
comparison  with  the  natural  substance.   The  origin  of  farnesol  can 
be  thought  of  in  analogy  to  gernaiol  as  resulting  from  isoprene 
and  geraniol.   The  continuation  of  long  chains  with  isoprene 
leads  to  geranylgeraniol  (protophytol)  and  higher  terpene  al- 
cohols. 

A  diterpene  fraction  was  isolated  which  contained  an  alcohol 
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C2©H340,    which  was   almost    identical  with   wrsriviff^n^i 
hydrocarbons  which  were  not   investigated.  Product*  *nd 
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THE  STRUCTURE  OF  SEROLOGICAL  PRECIPITATES 
Linus  Pauling,  California  Institute  of  Technology,  Pasadena 

In  a  paper  appearing  in  1940  Pauling  developed  and  discussed 
a  detailed  theory  of  the  structure  and  process  of  formation  of 
antibodies  and  the  nature  of  serological  reactions  which  is  more 
definite  and  more  widely  applicable  than  any  earlier  theory.   It 
is  compatible  with  our  present  knowledge  of  the  structure  of 
simple  molecules  as  well  as  with  most  of  the  empirical  information 
about  antibodies.   It  must  be  pointed  out  that  the  experimental 
observations  in  the  field  of  immunology  are  so  complex  and  so 
extensive  that  up  to  the  present  time  no  one  has  been  able  to 
deduce  a  theory  of  structure  from  the  observational  material  alone. 

Antl  bodies  are  known  to  be  of  the  same  amino-acid  composition 
as  one  or  the  other  of  the  fractions  of  serum  globulin  of  the 
animal  producing  the  serum.   The  present  and  quantitative  treat- 
ment is  based  on  the  fraction  which  has  a  molecular  weight  of  about 
160,000  (rabbit,  monkey)  and  has  a  composition  similar  to  that  of 
the  gamma  fraction  of  serum  globulin  (Svedberg). 

The  fundamental  assumption  is  that  in  the  antibody  molecule 
the  order  of  amino  acid  residues  in  the  polypeptide  chain  is 
exactly  the  same  as  in  the  normal  globulin  molecule  and  differs 
from  it  only  in  the  configuration  of  the  chain.   Thus,  in 
directing  the  folding  or  coiling  of  the  polypeptide  chain  of 
the  antibody  the  function  of  the  antigen  molecule  is  like  that  of 
the  polypeptidases  in  the  determining  the  configuration  of  the 
normal  globulins. 

The  chemical  evidence  and  the  meager  x-ray  data  support  the 
polypeptide  chain  theory  of  protein  structure.   It  is  also  well 
established  that  the  native  proteins  have  definite  configurations, 
being  coiled  in  a  definite  way  and  held  in  position  by  forces 
acting  between  parts  of  the  chain.   It  should  be  noted  here  that 
the  phenomena  of  denaturation  involves  the  loss  of  configuration 
by  partial  or  complete  uncoiling  of  the  chains. 

Hydrogen  bonds  probably  are  the  strongest  of  the  forces  in- 
volved in  the  retention  of  the  native  configuration.   They  may  be 
formed  by  the  carbonyl  and  imino  groups  of  the  peptide  chain  as 
well  as  by  carboxy,  amino,  hydroxy,  and  other  oxygen  and  nitrogen 
containing  groups  in  the  side  chains  of  the  amino  acid  residues. 
The  most  stable  configuration  will  be  that  in  which  as  many  strong 
hydrogen  bonds  as  possible  exist.   Below  is  illustrated  an  ideal- 
ized case  showing  the  formation  of  compact  layers. 
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Inspection  of  proline-  and  hydroxyproline  stereo-models  shows 
that  they  are  capable  of  causing  the  polypeptide  chain  to  turn 
through  an  angle  of  180  degrees  thus  enabling  it  to  fold  back  on 
itself. 

To  account  for  the  formation  of  a  great  many  different  anti- 
bodies from  the  same  globulin  molecule  it  is  further  assumed  that 
in  the  globulin  molecule  the  amino  acid  residues  are  so  arranged 
that  a  preponderance  of  proline,  hydroxyproline  and  large  R-group 
containing  amino  acids  occur  in  the  end-group  structures  of  the 
polypeptide  chain.   These  end-group  structures  must  contain  about 
200  amino  acid  residues.   Such  an  arrangement  allows  for  a  more 
stable  central  structure  and  for  less  stable  end-group  structures 
in  which  more  possible  configurations  exist  due  to  the  skewed 
arrangements  brought  about  by  the  steric  interference  of  these 
large  groups. 

In  order  that  the  antibody  be  able  to  form  a  precipitate 
with  the  antigen  more  than  one  region  of  surface  configuration 
complimentary  to  the  antigen  is  required.   The  rule  of  parsimony 
suggests  only  two  such  regions;  and,  indeed,  the  experimental 
observations  can  be  reconciled  to  such  a  reasonable  assumption. 

The  framework  theory  is  based  on  the  idea  that  the  precipitate 
is  a  network  of  antibody  and  antigen  molecules  in  which  each  anti- 
body molecule  grasps  two  antigen  molecules  and  the  antigens  are 
grasped  by  several  antibody  molecules.   Precipitates  with  all 
intermediate  structures  are  possible  depending  upon  the  antibody/ 
antigen  ratio  and  other  factors  in  effect  during  their  formation. 

Some  prediction  of  the  theory  which  are  verified  by  existing 
experimental  data  are  the  following: 

1.  Serum  homologous  to  a  given  antigen  u»ust  not  be  homogeneous, 
but  heterogeneous,  containing  antibody  molecules  of 
greatly  varied  configurations. 

2.  Antigens  are  multivalent  while  antibodies  are  bivalent. 

3.  For  idealized  spherical  molecules  with  the  antigen  equal 
to  or  smaller  than  the  antibody,  the  ratio  of  antibody  in 
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the   saturated  precipitate   must   be   larger  than   two   and  but 

not   more   than   six.      Considering  the   many  deviations  from 

ideality,    this   is   in  good   agreement  with  observed  values 
which  all   lie  within  2.5   and  15. 

4.    One  antigen  molecule  acts   as   the   template   for   the   forma- 
tion of  both  end-group   structures  of  the   antibody  molecule. 

Quantitative    study  of    serological   properties  is   complicated 
by   the   fact   that   the  both   antibody  and   antigen  molecules   are 
proteins.      The   discovery  by  Landeteiner    (1932)    that   anaphlyxis 
could  be  produced  by  resorcinol   or   tyrosine    coupled   to   two 
haptenic   groups  which  had   been  present   in  the   antibody-producing 
antigen  provided  a   convenient   point    of   departure   for  developing 
means   of   obtaining  quantitative   data. 

The    following  hapten  groups  were   chosen: 


R     =   -NHSs       ^SasOoH 


R'    =  -NH<^       \-N=N<^        ^>-AsQ3#. 


R"    =   -CONH/x        ^s-4s0oH 


'3iA2 


The   antisera  are  prepared   in   the   usual  way   from   sheep   serum. 
Precipitation  with  the   following   types   of    simple  molecules   is 
then   studied. 
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None ' of  the  mono-haptenic  substances  causes  precitatlon  but 
all  of  the  poly-haptenic  substances  do,  with  those  of  type  II  and 
VI  being  the  most  effective.   The  mono-haptenic  substances 
however  inhibit  the  precipitation  of  the  antisera  by  either  the 
antigen  or  poly-haptenic  substances.   Studies  of  the  inhibiting 
power  of  a  number  of  these  substituted  simple  mono-haptenic 
substances  has  shown  those  with  para  substitutients  to  be  the 
most  active;  para  >  meta  ^  ortho  and,  as  an  approximation  para  = 
2x  meta  =  4x  ortho.  para- Substitutients  in  azophenylarsonic  acid 
in  order  of  decreasing  inhibiting  power  are:  KOC6H4N2,  CH3C0NH, 
N02,  C6H5CONH,  I,  Br,  CI,  CH3 ,  OH,  H,  NH2,  COOH. 

Precipitation  of  a  mixture  of  two  specific  antisera  by  a 
di-hapten  of  type  V  containing  the  two  specific  haptenic  groups 
has  been  studied  also.   The  effective  antibody  valence  was  2.8. 
Precipitation  of  either  pure  antisera  by  this  molecule  does  not 
occur,  and  its  presence  inhibits  precipitation  of  each  pure  anti- 
sera by  its  antigen.   Further  the  precipitates  are  soluble  in  the 
presence  of  a  large  excess  of  antisera.   This  demonstrates  that 
both  haptenic  groups  enter  the  action  and  that  both  are  essential, 
It  is  also  clear  evidence  against  the  formation  of  insoluble 
protein-dye  complexes  as  first  suggested  by  Landsteiner. 

Calculation  of  the  antibody-hapten  bond  strength  constants 
for  each  hapten  and  the  heterogeneity  index  for  the  antisera  has 
been  made. 
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Preparation 

1.  Wurtz  (1)  in  1862  was  the  first  to  synthesize  p_-dioxane. 


2  CH2-CH2  +  Br2  ->C4H802-Br2 
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2.  Lourenco  (2),  a  year  later,  prepared  dioxane  by  heating 
a  mixture  of  ethylene  glycol  and  ethylene  dibromide  at  160°. 

3.  Favorski  (3),  in  19C7,  first  applied  the  method  of  synthesis 
which  is  in  use  today — distillation  of  a  mixture  of  ethylene 
glycol  with  4/£  of  concentrated  sulfuric  acid.   Although  modi- 
fications of  this  method  have  appeared  (4,5),  Favorski's  procedure 
is  still  preferred. 


Physiological  Action  (6). — Although  vapors  of 
the  eyes,  nose  and  throat,  they  are  not  harmful  under 


dioxane  irritate 
ordinary 


conditions  of  usage.   The  toxicity  of  the  substance  is  believed 
due  to  its  oxidation  products,  oxalic  and  diglycolic  acids. 

boils  at  101.5°,  freezes 
.  :h  water  and  most  organic 
solvents.   With  water  it  forms  an  azeotrope  (b.p.  83.8°)  con- 
taining 80/£  by  weight  of  dioxane  and  a  eutectic  (f.p.  -15.4°) 
at  40^  by  volume  of  the  di-ether. 


Physical  Properties  (6). — £- Dioxane 
at  11.7  ,  and  is  completely  miscible  with 


Chemical  Properties. — Dioxane  is  purified  by  heating  with 
hydrogen  chloride  and  then  with  sodium  (7).   The  presence  of 
impurities  in  dioxane  promotes  the  formation  of  peroxides  unless 
an  Inhibitor  such  as  metallic  copper  is  used  (6). 


fcr 


Dioxane  possesses  an  unusual  amount  of  basic  character;  it 
ms  molecular  compounds  with  a  large  number  of  acidic  substan< 
. ,  H2S04,  S02,  S03,  AsCl3,  KC104,  halogens,  metallic  halides. 


ces, 
e.g.,  H2S04,  S02,  S03,  AsCl3,  HC104,  halogens,  metallic  halides, 
organic  iodides  and  picric  acid.   Baer  (8)  has  suggested  that  the 
compound  with  phosphoric  acid  (C4He02' 2H3P04 )  might  be  substituted 
for  crystalline  phosphoric  acid  when  a  dry  solution  of  this  acid 
is  reauired. 


This  distinctive  property  of  p_-dioxane  is  displayed  to  a 
much  lesser  degree  by  p_-thioxane  (I)  and  1,3-dioxane  (II),  while 
other  related  substances  (III,  IV,  V)  are  perfectly  neutral  (9). 
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Dioxane  is  very  stable  to  acids,  alkalis,  oxidizing  agents, 
sodium  metal,  etc.   For  example,  under  conditions  by  which  ethyl 
ether  is  converted  by  nitric  acid  into  ethyl  nitrate,  dioxane 
merely  yields  an  addition  product.   Nevertheless,  at  elevated 
temperatures,  strong  reagents  can  rupture  the  molecule. 

Dioxane  should  never  be  used  in  hydrogenations  with  Raney 
nickel,  for  an  explosive  reaction  occurs  which  may  burst  the 
bomb. 

Chlorlnation. — Boeseken  and  coworkers  (10)  first  prepared  a 
2,3-dichlorodioxane  by  treatment  of  dioxane  with  chlorine  at  90°. 
Apparently  only  one  isomer  (m.p.  30°),  believed  to  be  the  els  (?), 
was  formed.   The  failure  to  obtain  a  monochloro  derivative  was 
later  shown  to  be  due  to  the  instability  of  monochlorodioxane 
(11). 
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By  catalytic  chlorination,  Kucera  and  Carpenter  (12)  obtained 
2,3-dichlorodioxane  in  96$  yield.   At  higher  temperatures,  (140°), 
33$  of  the  symmetrical  and  52$  of  the  un symmetrical  tetrachloro- 
dioxanes  were  formed  (12,  13).   2,3-Dichlorodioxane  and  the 
symmetrical  2,3,5,6-tetrachlorodioxanes  are  convenient  sources  of 
glyoxal,  since  they  are  Quantitatively  hydrolyzed  by  boiling  water 
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Cl 

ei 


+  2  H20 


CHa0H   CKO 

+  I    +2  HCl 

CHpCH    CHO 


Reactions  of  2,3-Dichlorodioxane. — 2,3-Dichlorodioxane  was 
found  to  react  with  alcohols  to  yield  the  corresponding  ethers 
(14-17).   Ethylene  glycol  gave  a  mixture  of  two  isomeric 
naphthodioxanes  which  are  analogous  to  ci  s  and  trans  decalin. 
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m.p.  Ill0   m.p.  136° 

Potassium  acetate  yielded  a  stable  diacetate,  but  no  dicyano 
derivative  could  be  formed  (18). 
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Summerbell  and  coworkers  (11,  19-21)  prepared  a  number  of 
alkyl  and  aryl  derivatives  of  dioxane  from  the  dlchloro  compound. 
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With  the  alkyl  G-rignard  reagents,  dehalogenation  was  so  extensive 
that  it  was  necessary  to  use  the  less  reactive  zinc  or  cadmium 
compounds. 

In  a  similar  manner,  monosubstituted  dioxanes  were  prepared; 
in  this  case,  the  alkyl  G-rignard  reagents  reacted  normally. 

XX 


vCl  Mg+Mgl3  /   \  dry  HCl 


So 


/ 


CI 


(49%) 


+  CH3=CHCH3MgBr 


0' 


CI 


(6a%) 


A 


\> 


J 


CHpCH=CH: 


(72.5%) 


Dioxene   and   Dioxadiene. — The    synthesis 
of  dioxene    (V)   was   revealed  above.      Dioxadiene 
(VI)  was  prepared  in  a   similar   fashion   from 
2,5,5,6-tetrachlorodioxane    (22). 


A    /* 


v 


/A 


VI 


These  unsaturated  ethers  are  insoluble  in  water  and  possess 
none  of  the  basic  character  inherent  in  dioxane.   It  seems  likely 
that  resonance  involves  the  electron  pairs  of  the  oxygen  atoms 
so  they  are  no  longer  available  for  hydrogen  bond  formation  or 
coordination. 


The  chemical  properties  of  dioxene  and  dioxadiene  are  normal; 
for  example,  they  add  halogens  and  halogen  acids. 


A 


s> 


/ 


+   2HBr 


Br 


/     \3r 


\/ 


AgOAc  /     \CAc 

AcCk  / 


VII 


The  diacetate  (VII)  has  proved  useful  in  the  structure  proof  (23) 


■4- 


of  glycolaldehyde  dimer  (VIII), 

/  NyOH  Ac20    /   \OAc 
2H0CH2CH0  -♦  -> 

HOI   J         AcO 


\(/ 


Vo/ 


VIII 

Dioxadlene  polymerizes  in  two  to  three  weeks  to  a  hard,  color- 
less, high-melting  solid. 


Other  Derivatives  of  p-Dioxane 

1.  Nesmeyanov  and  Lutsenko  (24) 


C. 


Na'Hg-  /  \ 


CH, 


(CH2=CHCH2)20  +  Hg  (OAc) 


HpO 


A 


^</ 


CK- 


ClHgCK2 


V 


(85%) 


CH2HgCl  "^   0 


o- 


JCH2I 


2.  Kharasch  and  Nudenberg  (25) 


A 


H2S04 
H2CH-CH2  +  H0CH2CH20H   — >   C1CH20HCHGH2CCH2CH20H 


KOH  EtOH 


H9S0. 


A 
f 

I   JCH20H 


Ruggli,  Ratti  and  Henzi  (26) 


\ 


Q 


C?U-XCH 


■2J'2' 


3r 


^NH-CH  10#  C6KcC0NHCH   -> 

CH    ||   +  C6H5C0C1   ->  -* 

'^CH-N  NaOH  C6K5C0NHCH  (H0CK3) 


/  \nhcoc6hb 


'6ai5' 

(87/,) 
4.  Lewis,  Nieren stein  and  Rich  (27) 


V 


NHCOCpH 


6ji5 


The  reaction  of  acyl  bromides  with  diazomethane  does  not 
yield  the  expected  phenacyl  bromides,  but  2, 5-dibromo-2, 5-diaryl- 
dioxanes  are  formed,. 
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vO  JO — N  yO 

C6H5C        ♦  CH3N2  ->  C6H5C  II  ->  C6H5C    I 

XX  |VCH2N  ,     iNjHj 

X  \  X     \ 


C6H8v   /O CH2y   XX  P-  >p 

X    ^K   < —  c6hbC  ->c6h5<t 

X  VCK2-0<"^   C6K5        'rCH2-      NjHgX 

X 

B  A 

X  =  CI  gives  72%   of  A;  X  »  Br  gives  62$  of  B. 

Compound  B  was  readily  converted  into  styrene  glycol  (IX). 

Br   0  Mg        0 

C6H^/  \  ->   C6H51/  \      lO^NaOH 

Br     ->  ->      C6H5CH0HCHa0H 

I   >C6HB  H20     ^   Jc6H5 
x0/  kCT  IX 

Industrial  Applications. — Dioxane  is  an  excellent  solvent  for 
many  natural  and  synthetic  resins  and  is  often  used  in  lacquers. 
Most  oils  and  oil-soluble  dyes  dissolve  readily  in  dioxane  and  it 
is  a  great  aid  in  the  dyeing  of  fibres  which  are  wetted  by  water 
only  with  difficulty  (6). 

Dow  Chemical  Company  has  patented  a  process  by  which  esters 
of  l,4-dioxane-2,3-diol  are  prepared  by  heating  2,3-dichlorodioxane 
with  a  carboxylic  acid  (28).   These  compounds  are  used  as  plas- 
ticizers  and  insecticides.   Dow  also  holds  patents  for  the  prepara- 
tion of  unsaturated  ethers  of  the  2,3-diol  and  for  their  use  as 
modifiers  in  the  polymerization  of  styrene  and  in  copolymers  with 
styrene  (29,  30). 
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THIANAPHTHENES 


2, 3-Benzothiophene,  or  thianaphthene,  was  prepared  first 
by  Oattermann  and  Lockhart  in  1893.   Since  that  time  it  has  been 
found  in  lignite  tar,  shale  oil  and  coal  tar.   It  can  be  ob- 
tained from  coal  tar  by  separation  of  the  acids  formed  by  sulfona- 
tlon  of  the  crude  naphthalene  fraction.   Synthetically,  it  has 
been  prepared  in  several  ways. 


1. 


S\ 


*%/ 


CH=CHC1 
NHa 


HN02 
KSCSOEt 


N>iCH=CHCl      -HC1      5/^\ 


7  1 


2. 


COCH, 


HN02 

CuSCN 


I 

V 


COCH3 

SCN 


Zn 

HC1 


3.       ^\ 


OH 


or 


%^ 


<P 


-C=0 


^KL 


Zn 
->       I 

HOAc 


^^CH^CHCOOH     Na2S      r   Nrw- 


V 


SCN 


NaOH 


V 


CH=CHCOOH 


SH 


K3Fe(CN) 


5. 


CH3CH2OH 
NK2 


HNOa 

— >  A 

KSCSOEt 


6.      HC^CH  +   CK4   +   H?S 


650-670 
catalyst 


dil. 


r^CH2CH2 
OH 
kx/SH  H2S04 

o 


S\ 


.CK. 


VN^ 


CH; 


Treatment  with  hydrogen   peroxide   in   acetic   acid   gives   the 
sulfone.      With  potassium  hydroxide   at   ?00~3?0°   it    is   cleaved   to 
p_-thiocresol   and    formic   acid.      Ozone   cleaves   thianaphthene   to 
o_-hydroxyphenyl   disulfide   or   o-benzaldehyde   disulfide.      Reduc- 
tion  with    sodium   in    ethanol   cleaves   it    to   2-ethylthiophenol. 


-2- 


Substltution  takes  place  first  in  the  3-position.   With 
mercuric  acetate  thianaphthene  forms  a  3-acetoxymercuri-  deriv?< 
tive  at  room  temperature  and  a  2, 3-di(acetoxymercuri )-  deriva- 
tive at  higher  temperatures.   Acyl  halides  in  the  presence  of 
aluminum  chloride  react  with  thianaphthene  to  form  3~acylthlo- 
naphthenes. 


Chlorinatlon  in  chloroform  gives  a  dichloro  compound,  prob- 


ably 
Bromine 


?,3- 


Bromine  in  chloroform  gives  3-bromothianaphthene. 
water  forms  a  dibromo  derivative. 


Fuming  nitric  acid  in  acetic  acid  gives  3-nitrothianaphthene, 
along  with  some  3-nitro-?,  3-d ihyd.ro -2,  3'-dithianaphthenyl  (II). 


NO. 


NO- 


*VN/ 


II 


III 


A  3,4-dinitro  derivative  (ill)  is  also  formed  by  nitration  of 
thianaphthene.   Treatment  of  III  with  hydrogen  sulfide  converts 
it  to  4-nitrothianaphthene  which  may  be  reduced  to  4-nitrothia- 
naphthene.   2-Aminothianaphthene  is  not  known.   The  3-amino 
derivative,  isolated  only  as  the  acetate  or  acid  salt,  is  unstable 
and  readily  dimerizes  to  form  di-3-thianaphthylamine.   Thus, 
reduction  of  3-nitrothianaphthene  gives  only  traces  of  3-amino- 
thianaohthene.   Dilute  acids  readily  hydro lyze  the  amine  to 
3-thianaohthenol . 


naphthene  or  by  oxidation  of  3-acetothianaphthene . 
diacid  is  formed  when  phenylthioglycolic-o-glyoxylic 
is  treated  with  strong  alkali. 


>cid    (IV) 


"^    jjCOCOOH 
^JsCH8COOH 


I 


SH 


CHpCOOH 


IV 


V 


2-Thianaphthenol  may  be  prepared  from  p_-mercaptophenyl~ 
acetic  acid  (V)  by  the  elimination  of  water.   It  exists  also  in 
the  keto  form  ( thiooxindole ) .   3-Thianaphthenol  has  been  pre- 
pared in  a  number  of  ways,  meny  of  which  appear  in  the  patent 
literature. 
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1.      From  p_-carboxyphenylthioglycolic   acid   by  heating   in 
alkali,    acetic   anhydride   or  high-boiling   inert    solvents. 


\ 


COOH 
SCH2COOH 


S\ 


vs/ 


OH    -CO 2 
COOH 


I 


OK 


2.  From  p_-cyanophenylthioglycolic  acids  by  ring  closure 
with  alkali  end  decomposition  of  the  intermediate  with  dilute 
acids. 


OCN  0H- 

SCH2C00H 


— 1NH. 


H+       /f\ 


Sg/C00N« 


OH 


85? 


W 


3.      By  cyclization   of  phenyl thioglycolic   acid  with  aluminum 
chloride,    phosphorus  pentoxide,    sulfuric   acid  or   other   catalyst. 


V 


SCHoCOOH 


acid. 


4.   From  thiosalicylic  acid,  acetonylacetone  and  sulfuric 


I 


roDH  H2S04 

uuun  +  CK3C0CH2C0CH3    -► 

SH  50 


S\ 


OH 


90? 


vv 


?-Hydroxythienaphthenes  ( thioindoxyls)  are  the  most  im- 
portant of  the  thianaphthene  derivatives  because  of  their  wide 
use  in  the  dye  industry.   The  thianaphthenols  are  easily  oxi- 
dized to  thioindigo  dyes. 


kAs/1 


.         yCOv  CO  . 

oh    ox.    r/V    \    /   VN 

c=c 


\^n/  \ 


^S     / 


In  the  keto  form,  .^-thianephthenol  condenses  with  carbonyl  com- 
pounds to  form  other  dyes, 


~4~ 


0^ 


^ 


;h3  + 


AA 


\ 


^y 
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STILBESTROL 


Stilbestrol  Is  a  synthetic  female  hormone  comparable  in 
activity  to  estrone.   It  was  first  synthesized  by  Dodds  and  co- 
workers in  1978  while  they  were  conducting  a  study  on  the  rela- 
tion of  structure  to  estrogenic  activity.   Examination  of  the 
structural  formulas  does  show  some  resemblance  between  these  two 
compounds  and  further  experiments  have  been  made  to  investigate 
the  actual  significance  of  this  fact. 


CH3.0 


H 


/CH3    >V 

Ta  rir 


°w 


Estrone 

Linnell  and  sharma  prepared  7,4t-dihydroxy-a,a,-diethyl- 
stilbene  and  ^^S'-dihydroxy-aja'-dlethylstilbene  and  discovered 
that  although  the  formal  resemblance  to  estrone  was  greater  in 
tne  former  than  in  stilbestrol,  its  activity  was  equal.   Placing 
both  hydroxy  groups  meta  to  the  alkyl  group  decreases  activity, 
for  the  latter  compound  was  less  active. 

The  effect  of  replacing  the  ethyl  groups  with  other  alkyl 
groups  or  hydrogen  tends  to  decrease  activity,   Dodds  has  syn- 
thesized dihydroxyhexahydrochrysene  which  has  a  closer  structural 
relation  to  estradiol  than  stilbestrol  but  whose  activity  is  one- 
thousandth  that  of  stilbestrol. 

Other  evidence  for  some  sort  of  relationship  between  natural 
and  synthetic  estrogens  and  their  activity  is  found  in  the  cis 
and  trans  isomers  formed  in  the  synthesis  of  stilbestrol.   Only 
one  of  these  isomers  is  extremely  active  and  it  has  been  proved 
by  hydrogenation  experiments  to  be  the  trans  isomer.   Only  the 
trans  isomer  can  assume  a  spatial  configuration  similar  to  that 
of  nptural  estrogens. 

Because  of  its  great  activity  and  comparatively  ready  avail- 
ability, stilbestrol  is  important  as  a  substitute  for  natural 
female  hormones.   Conseaxuently,  a  auick,  inexpensive  method  of 
synthesis  would  be  desirable.   Attempts  to  find  such  a  synthesis 
have  been  made  and  this  seminar  plans  to  deal  with  those  pro- 
posed.  (Ar  represents  the  p_~anisyl  group.) 


Dodds'  original  synthesis  was  as  follows. 


..  y  ':'-\ 


x     A 


..  ■'■  >."  "}       .. 


ArCHO 


KCN 


Ul 
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Zn 


ArC-CHAr 


KOAc 
100°~24  hr. 


Et  Et 
Ar£=CAr 


KOH 

EtOH 

205°C. 


Stilbestrol 


Et  Et 
ArC— CHAr 

CH3CH  Et 
ArC — (!)HAr 


(els  and  trans) 


I 


ArC-CHaAr 


EtEBr  Arg-f: 


EtONe 
EtI 

Et 
HAr 


Kuwade  has  developed  two  slightly  modified  procedures  for 
preparing  the  carbinol  used  in  the  dehydration.   The  following 
general  equation  applies  where  R  =  Ar  and  R1  =  Et,  or  R  =  Et 
and  R1  =  Ar. 


OH 


it    jl  R'McBr        x 

RC-6HR  -i>Dr     RC— CHR 

6h  6h 


dll. 
n  2  5^4 


RCH-C-R 


n|/ 


R'MgBr 


2H 
RCH-C-R 

Rf    A' 

Peteri   proposed   to   use   the  retropinacolinic   rearrangement 
for    the  preparation   of    stilbestrol.      This   reaction   did    not   pro- 


Et   H  ^ 

ArC — C-Ar         — >         Ar2 
6V.   OH  H3S04 


ft  ^0     RMgBr  ft   R 

C-C  — ►         Ar2C — C 


■OH 


A  ?t 

->     [ArC=]3 


H 


ceed   as  he   had  hoped.      Instead  of   the   aldehyde   in    the  hydro- 
benzoin  rearrangement,    he   obtained   the   ketone,    Ar2CHCOEt.      When 
a    mixture  of   acetic   and  oxalic   acids   was   used,    the   ketone   resulted 
in   70#  yields.      Because   the   ketone  was  available,    he   decided   to 
prepare   stilbestrol   from  it. 


^°        EtMgBr  POCI3 

Ar2C-C  -?  Ar2CHQ-0H  -> 

NEt  Eto        toluene 


Et 
Ar<5= 


,Ar  +   Ar~C=CEt 


32# 


Vargha   and  Kovacs,    starting  with  /^-methoxyproplophenone, 
prepared  the   dimethyl    ether   of    stilbestrol   in   25f  yields. 


'  '  t-*        ' 


.....      •■,•-;     ' 


'      ■ 


?  .: 


-■•■■■■-■- 
- 


~3~ 


ArC-Et 


NHoNH. 


ArC=NNH 


HgO 


ArC=N; 


SO, 


0CC. 


Et  Et      A       Et   Et 

Ari=(iAr    £±  Art p-Ar 

30-100°     ^SOp 


Linnell  and  Sharma  had  reported  their  attempt  et  this  reaction 
but  they  had  been  unsuccessful,  obtaining  only  the  ketezine, 
(ArEtC=N-}3.   Barber  and  Slack  recently  employed  this  reaction 
to  prepare  D,p_,~dicyeno~o:,at  -diethylstllbene  in  small  yields. 

In  1943  Kharasch  published  the  best  synthesis  to  date. 
Reasoning  on  the  conversion  of  allyl  chloride  to  hexatriene, 
he  thought  stilbestrol  could  be  made  similarly.   It  was  found, 


NaNH. 


Et  Et     „HBr    Et  Et 
ArQH-Et     -»      ArC— C-Ar    -»   ArC=CAr 
*r     11  a.  NH3    H  6r 


however,  that  the  product  wr-s  not  the  dimethylether  of  stilbestrol 
but  a  comoound  which  on  hydrogenation  gave  dihydrostilbestroldi- 
methylether.   Three  possibilities  exist.   Since  von  Wesseley  had 


*Ar 


Et   H 


ArC-CH 


Ar-( 


S* 


\Et 
CH3 
I 


CH 


IH-Ar 

:t 


Ar-C 


II 


III 


C-Ar 


previously  identified  I,  the  compound  must  be  either  II  or  III. 
The  structure  was  determined  only  to  this  extent.   Treatment  of 
this  product  with  potassium  hydroxide  -  ethylene  glycol  cleaved 
the  ether  and  caused  a  simultaneous  rearrangement  to  stilbestrol 
in  an  overall  yield  of  20-22#. 

Examination  of  published  methods  which  have  not  proved 
successful  might  be  interesting.   Linnell  has  attempted  many 
preparations,  reasoning  from  successful  syntheses  of  simple 
etilbenes. 


1.  Removal  of  sulfur  from  thioketones. 


0     HpS 

Arb-Et   -* 


t 


Cu 


ArC~Et 


Et  Et 

Ar(i= CAr 


^he  thioketone  was  prepared  puccessfully  but  the  heating  with 
copper  yielded  only  cyclic  sulfides. 


' 
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2.  Removal  of  nitrogen  from  a  ketezine. 

0     NH3NH3     Et  Et 

Arft-Et    ->     (Ar6=N-}2  "  [ArC=42] 

In  thie  preparation  the  ketazine  could  not  be  thermally 
decomposed. 

Foldi  and  Demjen  in  1941  attempted  the  following  reaction. 

8  5H    S0C12    P  Cjl     EtMgBr  -H20 

Arft-CHAr    -»    ArC-CHAr    ->     Ar2CH-COHEt2    -=* 

Hydrogenation  of  the  final  product  did  not  give  the  expected, 
hexestrol.   It  was  shown  by  oxidation  that  the  G-rignard  had 
caused  a  rearrangement. 
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CARBODIIMIDES 


The  first  member  of  this  series,  carbodilmlde,  Is  not 
known,  but  its  Isomer,  cyanamide,  is  well  characterized.   How- 
ever, Kahovec  and  Kohlraush  have  found  that  the  spectrum  of 
cyanamide  indicates  that  two  or  more  forms  exist;  cyanamide, 
H2NC=N,  carbodilmlde,  HN=C=NH,  and  an  associated  form. 

The  first  carbodilmlde  was  prepared  in  1874  by  Weith.   His 
method  consisted  in  the  treatment  of  the  substituted  thiourea 
with  mercuric  oxide: 


/NH~C6H5 
C=S       +  HgO 
HTH~C6H5 


HgS  +  H30  -I-  C. 


^-C6H5 


^N-C6H 


6^5 


This  method  is  used  today  for  the  preparation  of  most  carbodi- 
imides  and  gives  high  yields,  especially  when  there  are  aro- 
matic substituents  on  the  nitrogen  atoms. 


The  most  satisfactory  and  general  method 
compounds  is  that  of  Weith  as  modified  by  Zetz 
Schmidt.  The  former  has  replaced  the  mercuric 
oxide  in  a  solvent  such  as  xylene  or  toluene, 
necessary  to  carry  out  the  reaction  in  the  boi 
this  led  to  an  increase  in  polymeric  products, 
workers  have  found  that  very  pure  and  dry  mere 
finely  divided  state  will  transform  the  diaryl 
ureas  to  the  corresponding  carbodiimides  in  yi 


of  preparing  these 

sche  and  also  by 

oxide  with  lead 

However,  it  was 

ling  solvent  and 

Schmidt  and  co- 
uric  oxide  in  the 
or  dlalkyl  thio- 
elds  of  80^. 


Steudinger  and  Hauser  have  prepared  carbodiimides  from 
phosphlnlmines  and  lsocyanates.  The  reaction  seems  to  tpke 
the  following  course: 


R3P:NR  +  RN:C:0 


RN:C:NR  +  RaP 


0 


They  have  also  found  that  aliphatic  phosphlnimes  will  re- 
act with  carbon  dioxide  to  give  carbodiimides  without  intermediate 
oroducts. 


A  method  of  preparing  carbodiimides  from  cyanamide  salts 
has  been  reported  by  Fromm  and  Honold. 


C1CH3CH30H  +  NaNCN 


NCNCHoCHpOH  +  NaCl 


NCNCHoCHpOH  +  2CRHSC0C1 


OH' 


C6H5-N:C:N-CHsCH20C6Hi 


The  best  yields  have  been  obtained  by  Schmidt  and  Striewsky 
who  have  found  it  unnecessary  to  use  the  thiourea  as  the  starting 
material.   They  have  prepared  elkyl  (methoxymethyl )  carbodiimide3 
in  high  yields  by  means  of  the  following  reaction. 


CH30CH2C1  +  KCNS 


CH,OCHpNCS 


-2- 

CH3OCH2NCS  ♦  RNH3  +  HgO  ->  CH3OCH2N=C=N~R  +  HgS  +  H20 

The  reaction  is  carried  out  in  cold,  dry  ether.  R  may  be 
methyl,  n-propyl,  lsopropyl,  isohexyl  or  cyclohexyl.   Later  it 
was  shown  that  when  a  50-50  mixture  of  water  and  ether  is  used, 
the  yields  are  high  as  90$  in  each  case, 

A  patented  method  for  preparing  carbodilmides  involves 
treatment  of  alkyl-substltuted  aromatic  amines  with  carbon  di- 
sulfide followed  by  subsequent  desulf urization  with  mercuric 
oxide. 

CH3(CH2)X-<^_J^NHS  +  CS2  +  HgO  -> 

CH3(CH2)x^3^N=c=M^Z^>"(CH2)xCH3  +  HgS  +  H20 

x  =  9  or  more 

A  0.5  to  1.0$  benzene  solution  of  the  compound  is  a  valuable 
cloth  finishing  and  impregnating  material. 

Ingold  reports  a  method  of  making  carbodilmides  from  azo- 
methines  and  nitroso  compounder   These  substances  combine  very 
readily  at  ordinary  temperature  without  the  use  of  condensing 
agents  to  form  two  possible  four  membered  rings. 

ArN— 0       ArN— 0 
CH2=N-C7H7  +  0=NAr  ->    |       +     | 

Ar»N— CH2     H2C— NAr1 

(I)  (II) 

Thermal  decomposition  gives  as  the  chief  product  the  carbo- 
dilmide  Ar-N=C=NArl.   Ingold  has  never  found  formaldehyde  or  an 
azo-compound  in  the  reaction  mixture,  thus  showing  that  water 
split  out  of  the  f our-membered  ring  (II ).   This  indicates  that 
this  ring  is  the  one  present  under  the  conditions  of  the  dehydra- 
tion. 

Reection_e-. — Rotter  and  coworkers  report  that  carbodiimides 
form  trlazoles  upon  treatment  with  diazomethane. 

C10H7NH-C N-C10H7 

C10H7N=C=NC10H7  +  CH2N2  ->         I 

H-C   N 


I 


?• 
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Carbodiphenyllmide  forms  e  similar  trlazole  and  also  reacts 
with  the  methyl  Grignard  reagent. 


C6H5N=C=NC6H5  +  CH3MgBr 


C6H5NH-C=NC6H5 
CH3 


Guanidines  are  formed  when  aniline  is  used  in  place  of  the 
Grignard  reagent. 


RN=C=NR  +  C6H5NH2 


RHN-C-NHR 
l-C6H5 


Zetzsche  and  coworkers  have  done  extensive  work  on  the  use 
of  carbodliraides  in  the  characterization  of  acids  as  the  ureides. 
This  work  was  reviewed  in  a  seminar  by  Dr.  Ludington  a  few  years 
ego. 

The  reaction  between  acids  and  carbodiimides  is  almost 
quantitative  in  most  cases  and  is  useful  for  many  sensitive 
acids  since  it  proceeds  under  mild  conditions  without  a  catalyst. 


RN=C=NR  +  R'COpH 


fix* 

RNHC-N 

N^OR1 


However,  with  low  molecular  weight  dicarboxylic  acids,  the 
corresponding  acid  anhydride  is  formed  along  with  the  urea. 
Zetzsche  and  Lindlpr  propose  the  following  course  for  the  reaction 


R- 


HO 


=0 


R-NH- 


(CHa) 


V 


c=o 


R-NHV  .0— G=0 

V      ;(ch,)x 

R-NH   N0— - C=0 


0 


N 


(CHa) 


CO 


2/x 


RNH 
+   /C=0 
RMH 


Carbodiimides  react  with  water  to  form  ureas  and  with  hydrogen 
selenide  to  give  selenoureas. 


R-N=C=N-R  +  H2Se 


RNH-C-NHR 


The  carbodiimides  polymerize  readily  either  by  heating  or 
treatment  with  sodium.   Zetzsche  and  Fredrich  suggest  the  follow- 
ing structure  for  the  polymer. 


?    8    5    ? 

-C-N-C-N-C-N-Q-N- 

!   J   !   J 

.  R   R   R   R 


They  have  also  found  that  some  diaryl  substituted  carbodi- 
imides form  dimers  as  dibenzoylcarbodiimide  does  on  standing  in 
the  air. 
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CeH5rf-N-C=N-(f-C6H5 


C6H5-C-N=C-N-CrC6H5 

b     b 
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LYSERGIC  ACID 
(Jacobs  and  Craig,  Rockefeller  Institute  for 
Medical  Research) 


Lysergic  acid  is  a  product  of  aqueous  alkaline  hydrolysis  of 
all  known  ergot  alkaloids,  which  occur  in  the  mycella  of  a  fungus, 
Clavlceps  purpurea,  found  on  grasses  and  cereal  crops.   Lysergic 
acid  is  the  factor  responsible  for  the  unique  pharmacodynamic 
activity  of  these  alkaloids,  and  consequently  many  amides  of 
lysergic  acid  are  widely  used  clinically  during  childbirth. 

The  structure  proposed  by  Jacobs  and  Craig  for  lysergic  acid 
is  given  below. 

COOH 
^CH—CH^ 
C&L  !o  5  6N-CH3 
^C— -CHX 

4JcH8 
— si 


1 1 


13 


vs^ 


14 


H  i 


Evidence  for  this  structure  is  outlined  below. 


(i) 


(2) 


(Supported  by  analysis 


General 

(a)  Empirical   formula:      C16K1602N2 
of   the   methyl   ester) 

(b)  Lysergic   acid   contains   one   N-methyl  group   and   one 
carboxyl   group. 

(c)  Tests   for   a   primary   or    secondary  amino   grouping   on 
lysergic  acid  and    its   dihydro  derivative   fail,    indicat- 
ing that   both  nitrogen   atoms   are   tertiary,    or   that 
perhaps   one   may  be   contained   in  an   indole   or  pyrrole 
ring.      Since    lysergic  acid,   when  heated  to   210-230  C, 
yields   carbon  dioxide  and   me thy land ne ,    it   is   unlikely 
that   a  methyl   .:;roup   is   on    such   a  pyrrole   or   indole 
nitrogen   ato; . 

(d)  Color   reactions    suggest   an  indole  derivative,    which 
may  be  biogenetically  related   to   tryptophane. 

Ring  System 

(a)  Alkali  fusion  of  lysergic  acid  yields  as  one  product 
l-methyl-5-aminonaphthalene.   In  the  production  of  the 
naphthylamine  derivative  methylamine  is  produced  almost 
quantitatively,  and  there  is  no  contamination  of  the 
naphthylamine  with  the  N-methyl  derivative;  hence  the 
source  of  the  amino  grouping  must  be  an  indole  nitrogen 
with  no  methyl  group. 

(b)  Nitric  acid  oxidation  of  lysergic  acid  yields  an  N-methyl 
quinoline  betaine  tricarboxylic  acid.   The  authors  suggest 


-2- 


the  structure  given  below. 


HOO 


HOOC 


NN-d=0 


This  compound,  on  distillation  with  soda  lime,  yields 
quinoline.   This  indicates  the  presence  of  a  quinollne 
ring  system  in  lysergic  acid.   Also,  the  formation  of  such 
a  quinoline  derivative  shows  that  the  hydroqulnoline 
nucleus  must  be  substituted  in  three  positions  other  than 
that  occupied  by  the  original  carboxyl  group. 

(c)  Additional  evidence  for  the  presence  of  an  indole  nucleus 
was  obtained  by  ultra-violet  absorption  spectra  measure- 
ments. 

(d)  On  the  basis  of  these  facts,  the  authors  proposed  the  basic 
ring  system  and  were  able  to  synthesize  ergoline,  a  com- 
pound containing  it. 


COCH 


Skraup 


NH. 


COOH 


HNO- 


H 


NO*  COCK 


lactamization 


H, 


Na 


catalytic   C4H9OH 


CH2-CK 


V 


CH2        ^NH 
^CH  -  CKX 

/   >» 
a / 


w 

H 
"ergoline" 

Ergoline  gave  similar  color  reactions  to  those  of  lysergic 
acid.   6-Methylergoiine  was  also  synthesized  and  likewise 
gave  similar  Color  reactions, 
(e)  Additional  proof  of  the  structure  of  the  ring  system  was 
offered  by  the  degradation  of  lysergic  acid  to  dl - 6 , 8- 
dimethylergollne  identical  with  a  synthetic  product. 
The  synthetic  material  was  prepared  by  a  scheme  similar 
to  that  outlined  above  for  ergoline  using  the  a,Y~ 
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dimethyl  ether  of  £-methy lglycerol  in  place  of  glycerol  in 
the  initial  Skraup  reaction.   A  sample  of  dl-lyserglc  acid 
from  ergotlnine  then  subjected  to  the  following  series  of 
reactions  to  obtain  the  sane  compound. 


dl-lysergic  acid 


N* 


C4H9OH 


dl-dihydrolysergic  acid 


sublime 

under  reduced 
pressure 


f 3  8 

CH  N-CH3 


H: 


CH-CH' 


/ 


\ 


CH: 


A-/ 


W 


N. 


9H3QH 
•C — CH^ 


catalytic  G4H9OH 


H 


dehydro-dl-6, 8-di methyl ergo line 


N-CH3 


H; 


catalytic 


sublime 


dl-6,8-dl  methyl- 
ergoline 


(3)  Position  of  the  Double  Bond 

(a)  Quantitative  catalytic  hydrogenation  followed  by  examina- 
tion of  the  hydrogenated  products  indicated  that  there  was 
only  one  double  bond  outside  the  indole  nucleus. 

(b)  Studies  of  ultraviolet  absorption  spectra  of  lysergic  acid 
and  its  dihydro  derivative  suggested  that  the  double  bond 
was  conjugated  with  those  in  the  indole  nucleus. 

(c)  Two  isomeric  lysergic  acids,  were  isolated  from  the  ergot 
alkaloids.   In  a  study  of  the  basic  dissociation  constants 
of  these  two  acids,  it  was  found  that  lysergic  acid  was  a 
weaker  base  than  isolysergic  acid.   Since  the  position  of  a 
double  bond  near  an  amino  group  affects  the  basicity  of 
that  amino  group,  it  was  concluded  that  in  one  acid  the 
ethylenlc  linkage  is  in  an  a-position,  and  in  the  other  it 
is  in  a  fj-position.   The  authors  suggested  that  the  double 
bond  in  lysergic  acid  was  between  carbon  atoms  5  and  10  and 
in  isolysergic  acid  between  carbon  atoms  9  and  10. 

(d)  Basicity  studies  of  some  tertiary  vinylamines  by  Adams  and 
Mahan  have  shown  that  tertiary  vinylamines  are  stronger 
bases  than  the  corresponding  saturated  amines  and,  on  the 
basis  of  this  evidence,  these  authors  suggest  that  the 
positions  of  the  double  bond  assigned  by  Jacobs  and  Craig 
should  be  reversed  for  the  two  acids. 

(4)  Position  of  the  Carboxyl  Group 

(a)  Position  9  is  eliminated  because  migration  of  the  double 


bond  between  5-1C  and  10-9  would  cause  racemization. 
evidence  of  racemization  was  detected. 


No 


t 


—  i±— 


(b)  Position  4  is  eliminated  because  of  the  stability  of  the 
cartoxyl  group  in  d^hyurolysergic  acid.   If  the  carboxyl 
group  were  at  position  4,  the  compound  would  te  a  substi- 
tuted indole-acetic  acid,  which  should  lose  carton  dioxide 
readily  upon  heating. 

(c)  The  basic  dissociation  constant  of  a-dihydrolysergic  was 
about  0.32  lower  than  that  of  synthetic  6-methylergoline. 
It  is  known  that  substitution  of  a  carboxyl  group  in  an 
aliphatic  amine  alpha  to  the  amino  group  reduces  the  basic 
dissociation  constant  by  1.0  unit,  while  substitution  in 
the  beta  position  reduces  the  constant  by  only  0.5  unit. 
This  evidence  Indicates  that  the  carboxyl  group  is  located 
at  position  8. 

(d)  Additional  proof  of  the  position  of  the  carboxyl  group  and 
also  of  the  structure  of  the  ring  was  given  by  the  follow- 
ing synthesis  of  dl-dlhydro lysergic  acid. 


KCN  HC00CaH< 

(CaH50)aCHCHaBr  ->  (CaHsO)aCHCKaCN    -» 

Na 


CHO 


Na 


+ 


ZnCl 


catalytic 
HC1 


COOH      C4K90H 
H 


CHa  "N-CH3 

•CH-CH7 

NCHa 


H 
dihydro-dl-lysergic   acid 

This    synthetic  dihydro-dl-lysergic  acid  was   identical    in 
all   respects  with   that    obtained   from  dl-lysergic   acid. 
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CYCLOPENTADIENE 

Cyclopentadiene  was  apparently  first  described  by  Roscoe  in 
1886  having  been  isolated  as  its  dimer  from  the  volatile  hydro- 
carbon fraction  obtained  by  the  pyrolysis  of  phenol.   Some  physical 
properties  are:  &%0   0.8021;  m.p.  -85°;  b.p.  42°  (760mm);  ng°  1.4429, 
It  has  both  a  conjugated  system  of  double  bonds  and  an  active 
methylene  group  hence  has  chemical  properties  characteristic  of 
these  two  groups. 

It  has  some  possible  economic  importance  in  polymer  formation. 
Bruson  and  Staudinger  described  a  colloidal  material  prepared  by 
polymerizing  cyclopentadiene  in  the  presence  of  various  halides 
especially  stannic  chloride,  in  chlorofrom  solution  at  0°.   A  white 
glistening  rubber  was  precipitated  on  addition  of  absolute  alcohol. 
Vulcanization  could  be  carried  out  with  sulfur  chloride  and  con- 
trolled to  produce  a  soft  gel  or  an  ebonite  material. 

As  a  possibly  important  monomer  in  resin  production,  Carmody 
Sheehan,  and  Kelly  prepared  a  resin  of  desirable  characteristics  by 
heating  cyclopentadiene  in  the  presence  of  a  metal  catalyst.   They 
suggested  that  it  was  largely  an  octamer. 


CH 


CH2  -CH  )CH 


■^ 


CH-CH--y 


-CH- 


CH 


Several  patents  have  been  described  in  Chemical  Abstracts  deal- 
ing with  the  polymerization  of  cyclopentadiene  under  various  con- 
ditions to  produce  resinous  materials*   Such  resins  are  formed  by 
polymerizing  the  alkyl  or  aryl  cyclopentadi enes  or  by  forming  co- 
polymers, as  the  condensation  of  cyclopentadiene  with  acrylonitrile 
to  produce  a  resin  of  the  alkyd  type. 

Diene  Synthesis. 

One  of  the  most  general  of  the  chemical  reactions  of  cyclo- 
pentadiene is  its  reaction  as  a  conjugated  double  bond  system  in 
the  Diels  Alder  diene  synthesis. 


C 

II 
C 
A 


+ 


i 
C 


N/ 


In  some  cases  a 
bond  of  the  adduct: 


second  molecule  adds  to  the  available  double 


i 


! 


I     ; 
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A  typical  example  of  this  is  described  by  Alder  and  Stein  in 
the  thermal  polymerization  of  cyclopentadiene  giving  a  series  of 
polymers  having  the  blcycloheptene  ring  structure: 


Ss 


itC 


The  stereochemistry  of  the  additions  was  reviewed  by  Norton 
and  in  this  seminar  by  Chadwick  and  Mcpherson.   It  will  suffice  to 
recall  here  that  in  the  diene  reaction  of  cyclopentadiene  alone  at 
lower  temperatures  the  endo  form  is  produced. 


endo 


exo 


In  higher  addition  products  the  endomethylene  bridges  all  lie  on 
one  side  of  the  ring  system. 

Examples  have  been  given,  as  by  Grummitt,  Klopper,  and  Blenk- 
horn  in  which  cyclopentadiene  acts  as  the  dienophile : 


CfiH 


C6H5-C=C-C6H5 
"1-0 

C6H5 


CRH 


6^5 


*c=d-i 


CH- 


CH 


r 


s 


"-CH 


H 
CH 


CeH5 
C6H5 


6nS 


c=o 


\ 


C«H 


6^5 


Several  diene  syntheses  le^d  to  compounds  of  somewhat  greater 
interest  such  as  norborneol,  nor camphor  and  santene  in  the  terpene 
series  by  Diels  and  Alder  and  bridged-ring  hydrocarbons  by  Alder 
and  Windernuth. 


Norborneol. 


+  CH9=CH. 


190-200 


S 


-t\ 


74# 


H3S04(dil) 
85-105° 


and 
dinorbornyl  ether 
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Norcamphor. 


CHOCCH3 
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kOCCH3      (H)      H30 
44$ 


:0H      (0) 
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0. 


dfeCH3       28$ 


Santene . 


HC-CH3 

II 

HC-CHO 


1     rCH3  1    pH3  itr 

'        IcHO      (H)      NaOAc      ^      LcHO(>CH3      03       I        L 


■CH3 
,0 


AcaO 


•Nc 


CH3MgI      H2CT 


CH3         KHSO, 
CH3  — 

'CH 


"No 


H3 
CH3 


Blcyclo(l :2 :5)~octane. 


CH3 

li 

CH-CH2NHS 


• 


CHsNHa 


\k 


HONO 


OH 

(0)  (H) 

— >    ketone     — * 


1,4,5,  8-bj^a (Endome thy lene)de call n. 


CH2 

II 

CHCHO 


'CHO 


^cCHO      (H)    NaOAc      03 


ketone 


ACj,0 


(n  ) 
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Addition  of  sulfite 
raaleic  anhydride  adduct, 
to  produce  sulfonates  of 


or  bisulfite  to  the  cyclopentadiene- 

its  mono-  or  di-  amides,  or  esters  is  said 

excellent  wetting  and  detergent  activity. 


Active  Methylene  Reactions. 

Some  important  reactions  of  cyclopentadiene  are  due  to  the 
active  methylene  group.   The  preparation  of  fulvenes  is  an  example. 


+  RsC=0 


V 


C> 


=  CR: 


Condensation  with  N,N-diethyl  amino  acetone,  a-,|3-,  and  pseudo- 
ionone,  and  cyclopentancne  has  been  described  by  Kohler  and  Kable 
and  with  anisaldehyde,  benzaldenyde,  acetone  oxime,  ethyl  nitrite 
ethyl  oxalate  and  others,  by  Thiele. 

Active  metals  displace  hydrogen  from  cyclopentadiene.   The 
metal  derivative,  according  to  Alder  and  Holzrichter  (reviewed  by 
P.  B.  Welldon)  either  undergoes  a  tautomeric  shift  or  possesses  a 
symmetrical  electron  arrangement: 


H. 


C:H 


H:C*  *C:H 

•c  • 

•   • 

H 


K 


This  supposition  is  supported  by  two  other  reactions.   Bruson  treat- 
ed cyclopentadiene  with  acrylonitrile  in  the  presence  of  "Triton  B" 
and  obtained  polycyanoethylation  products  up  to  the  hexa-derivative. 
Also  Straus  et  al  obtained  the  hexa-halogen  derivative  upon  treat- 
ing cyclopentadiene  with  hypohalites: 


HOBr 


V 


*r-: 


r 


Br 


HOBr 


r=i 


Br-\\  y^ 


etc. 


Grignard  reagents  metalate  cyclopentadiene  at  the  active 
methylene  group. 


CKH 


5^6 


RMgX 


RH   +   C5H8MgX 


i 


i 
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en 


The  resulting  cyclopentjylmagnesium  hallde  reactfl  in  the  usual 
fashion. 


Addition. 

Because  of  the  conjugated  system  additions  to  cyclopentadiene 
usually  take  place  in  the  1,4-  manner.   The  stereochemistry  in 
bromine  addition  was  studied  by  Farmer  and  Scott,  and  by  Wilson 
and  Wells  indicating  that  the  trans  isomer  is  produced  at  low 
temperatures  and  is  the  stable  form. 

Dry  hydrogen  chloride  apparently  adds  1,4-  to  produce  cyclo- 
pentenyl  chloride  used  by  Noller  and  Adams  in  the  preparation  of  a 
homolog  of  chaulmoogric  acid. 


HC1 


CHa(COaCaKB) 


2^2Xi5  J  2 


'V 


ACH(COsC2H5) 


H 


2^ 


heat 


i 


i 


i  C  ri  g  C  0  g  H 
It  was  also  used  by  Chaux  in  the  production  of  barbiturates. 


Na   C02C2H5 
R/C^C02C2H5 


K2NV 


C5H7    C02C2HB 

R'  XC02C2H5   K2N-' 


C=0 


9. 


H 


C5H7  JC— Nx 

X,    /c=0 

R   y—N^ 
0   H 

One  of  these,  the  cyclopentenyl-allyl  derivative' had  a  soporific 
activity  about  four  time?  as  great  as  Veronal  and  had  about  the 
same  toxicity.   Horclois  used  the  malonic  acid  synthesis  with 
cyclopentenyl  chloride  to  produce  lactones  and  esters  of  pleasant 
odors  which  he  thought  might  have  some  value  in  the  perfume  industry 

Suprisingly  enough  ketenes  undergo  a  1,2-addition  leading  to 
the  structure: 


r^V 


-R 

R 


This  was  indicated  by  three  groups,  Smith  et  al,  Lewis  et  al,  and 
by  Brooks  and  Wilbert. 
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Oxldative  addition  leads  to  1,4-  or  1,2-  attack  depending  upon 
conditions.   Seguin,  using  hydrogen  peroxide  in  the  presence  of 
selenium  dioxide  obtained  the  1,2-diol,  as  did  Criegee  using  lead 
tetraacetate  and  osmium  tetraoxdie  in  dry  ether.   Milas  and  Maloney, 
using  osmium  tetraoxide  in  t-butyl  alcohol,  obtained  the  1,3-diol. 
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THE  STRUCT"^  OF  DIAZOTATES 


Early  in  this  century,  progress  in  the  chemistry  of  diazo- 
compounds  had  reached  the  point  where  HantESCh  was  able  to  present 
the  following  summary  of  the  evidence,  direct  and  indirect,  for  the 
structures  of  the  various  compounds  which  had  been  isolated. 


ArN 
HON 


<r~ 


ArNOH 

I 

HONH 


syn-Dlazo 
hydroxide 


NaOH 


ArN 
II 

NaON 


Diazonium  salt 


ArN+  CI" 

Ml 

N 


Diazonium  hydroxide 


ArN  OH 

III 

N 


ArN 

II 

NOH 


antl-Diazo- 
hydroxide 

A 

HC1   one  equivalent 


ArNH 

I 

NO 

Nitrosamine 


Inversion 


spontaneous   or  by  heating,    etc. 
_&y_n-Diazotate 


ArN 

II 

NONa 

anti-Dlazotate 


The  svn-diazotate  has  been  called  the  normal  or  labile  form;  the 
anJLi-d.iazotate  the  iso  or  stable  form. 

The  svn-dlazota tes  are  very  reactive  and  couple  readily;  the 
an_LL-diazotates  are  unreactive  and  couple  with  great  difficulty. 
The  ajcLLi-diazosulfo nates  undergo  oxidation  readily  to  give  the 
diazonium  sulfates  which  also  couple  very  readily. 

+  The  structure  of  the  diazonium  salt  has  been  proved  to  be 
A.rN  X  but  the  structure  of  the  diazotates  has  caused  considerable 

III 

N 
discussion. 

Recently  Hodgson  and  Marsden  have  published  new  evidence  in 
this  field.   They  obtained  chemical  evidence  that  the  different 
forms  were  structural  rather  than  geometrical  isomers.   They  also 
showed  that  the  supposed  syn  form  of  potassium  benzenediazosulfonate 
was  a  mixture  rather  than  a  pure  compound. 


The  stable  form  of  potassium  benzenediazo sulfonate  was  coupled 
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with  p_-nitrobenzenediazonium  chloride,  and  the  resulting  compound 
was  treated  with  alkaline  B-naphthol.   The  products  obtained  were 
a-p_-nitrobenzene-azo-{5-naphthol  (II)  and  the  stable  form  of 
potassium  benzenediazosulfonate.   The  latter  could  be  isolated  as 
such  or  oxidized  and  coupled  with  £-naphthol  to  give  a-benzene-azo- 
£-naphthol  (III). 

The  authors  suggested  the  following  course  for  the  reactions: 


^ 
S 


N=NS03K 


\s 


N=N 
CI" 


stable  or 
anti  form 


C6H5N=N§0N=1\IC6H4N02 
0 

la 


or 

Q   + 

C6H5N=NS0   N3C6H4N02 


lb 


I  +  alkaline  p-naphthol 


C6H5N2S03K 

the  stable  form 


VN/' 


III 

This  would  mean  that  the  0-N  bond  was  broken  much  more  easily 
than  the  N-S  bond. 

Hodgson  and  Marsden  next  subjected  the  labile  or  cis  form  to 
the  same  treatment.   This  reaction  gave  a  precipitate  A.   The  sub- 
stance A  when  coupled  with  alkaline  £-naphthol  gave  a  precipitate 
B,  which  was  found  to  be  a  mixture  of  II  and  III.   The  filtrate 
from  B  on  oxidation  also  gave  a  mixture  of  II  and  III.   From  this 
the  authors  assumed  that  A  was  a  mixture  of  IV  and  V. 


i 


i 


I 
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5  » 

C6HeN=NO$N=NC6H4N03  CeH5N=NSON=NC6H4NC2 


0 


6 


or  or 

0 


.+   _ 


2-  + 


C6H5N=N      OSN=NCeH4NOa        C6HBN=NSO      N=NC6H4NO 


6n4i\i^2 


IV  V 

Reasoning  from  the  reaction  with  the  anti  form,  IV  coupled  with 
alkaline  £-naphthol  should  give  compound  III  and  the  stable  form  of 
potassium-p_-nitrobenzenediazosuif onate;  V  under  similar  treatment 
should  give  compound  II  and  the  stable  form  of  potassium  benzene- 
diazosulf onate. 

Hodgson  and  Marsden  also  examined  the  diazocyanide.   The  stable 
and  labile  forms  were  allowed  to  react  with  methylmagnesium  iodide,, 

iced 

C6ri5N2CN      +     CH3MgI     — ►     orange-red   complex  —  >  CH3CHO 


labile 
form  IV 


IN  H3SC4 


iced    "considerable 

C6H5N3CN   ♦  CH3MgI  — »  deeper  red  complex     — ►      amounts  of 

2N  H3S04   carbylamine" 
stable 
form  V 

IV  probably  has  the  structure  C6H5N=NNrCCH3 

+ 
Mgl 

The   authors    suggested  that   V  might    contain  considerable  amounts 
of  RN=NC=NC6H5   and  that    this  would   decompose   to   give  phenyl   iso- 

Hgl 

cyanide. 

Hantzsch  had  previously  reported  that  the  hydrolysis  of  both 
the  labile  and  stable  forms  of  p_-nitrobenzenediazocyanide  gave  the 
same  compound. 

NOaC«H4NaNCNHa 

The  following  set  of  reactions  was  carried  out  using  this  compound; 
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NO 


,CeH4N=NCNHa    + 


Br 


a-   or   p.-naphthylamine 

in   chloroform  coupled  product 

A  — ^ 


N02C6H4N=NCNBr#HBr 
H 


chloroform   solution 
of   p-naphthol 


-^  no  reaction 


alcohol-water  solution^  immediate 
of  alkaline  p-naphthol   coupling 

The  authors  explain  this  behavior  in  the  following  manner. 
The  original  amide  would  not  couple;  hence,  the  N-C  bond  would  not 
break.   However,  in  reaction  A  the  Hofmann  rearrangement  takes  place 
giving  a  -N=N-N-  system  in  which  the  N-N  bond  breaks  and  coupling 
occurs.   In  B,  since  no  base  is  present,  no  such  reaction  can  take 
place,  hence,  no  coupling.   In  C  the  authors  suggest  that  the  N- 

fi 

bromoamlde   is   hydrolyzed   to   N02C6H4N=NCNOH;    this  would  undergo   the 

H 
Lossen  rearrangement   and  give   the    same    type   of  reaction  as   in  A. 

It  was   also  pointed  out   that   the   difference    in  bond  energy  ot 
N-N  and   C-N  bonds   is   28   K  cal./mole;   whereas  the   difference   in   energy 
of   the    stable   and   labile  form   is   21-22  K  cal./mole. 

From   these   facts   the  authors   deduce  that   the    structures   of   the 

Q 

labile  diazosulfonate  and  diazocyanide  should  be  ArN=NOSK  and 

ArN=NN=C;  whereas  the  stable  forms  have  the  chemical  structure 
assigned  by  Hantzsch,  but  cannot  yet  be  assigned  either  the  syn  or 
anti  configurations. 

ArN=NSOK  and  ArN=NCN 
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AROMATIC  METHYLENEDIOXY  COMPOUNDS 


Aromatic  methylenedioxy  compounds  are  of  interest  because  of 
their  wide  occurrance  in  nature.   An  example  of  an  opium  alkaloid 
that  contains  a  methylenedioxy  ring  is  narcotine  (i).   A  series  of 
compounds  isolated  from  dill  and  parsley  seeds  known  as  apioles 
contain  this  group.   Safrol  (III),  lsosafrol,  and  plperonal  are 
wellknown  representatives. 


0V  y.     CHPCH=CH; 


CHpCH— CH; 


Dlllapiole 
II 


Saf ro  1 
III 


One  of  the  most  characteristic  features  of  the  methylenedioxy 
ring  system  is  the  fact  that  orientation  cannot  be  predicted  using 
the  classical  rules  for  aromatic  substitution.  A  few  examples 
follow. 


+  HN03 


COOH 


+  CH. 


*S%/ 


The  formation  of  4-nitromethylenedioxybenzene  (IV)  from 
piperonal  might  proceed  as  follows. 


NO 


/       V^N.CHO     ANC3       /    \<^\C00H 

vJL  J      ~*    ^  '    ' 
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^Ncooh 

N0a 


s\S 


:h 


'/ 


^?* 


10, 


IV 


Salway  found  that  the  reaction  does  not  occur  as  above  but 
proceeds  by  direct  replacement  of  the  carbonyl  or  carboxyl  group 
as  shown  in  the  following  reactions. 


NH. 


;CH3 
Myristicin 


/   \^\cOOH 


— > 


OCH. 


Bromination  appears  to  proceed  in  a    similar   fashion. 

Ov  y< 

/N^NBr 


/     \f/  ^COOH  Br  2 

CH2 

Na2C03 


^ 


Br 


The   4-carboxy-5-bromomethylenedioxybenzene   is   stable   to   further 
bromination. 

Arnold  and  Bordwell  prepared   compounds   of   the   following   two 
series   and  measured   the  dissociation  constants   of   each. 


X  =  CHO,  CN,  CCOH. 

In  every  case  the  dissociation  constant  of  the  methylenedioxy 
compound  was  slightly  higher  than  that  of  the  dimethoxy  compound. 
They  interpreted  this  as  evidence  to  indicate  a  Mills-Nixon  effect 
which  would  give  a  more  pronounced  double  bond  character  between 
carbon  four  and  five. 


Like  other  acetals  the  methylenedioxy  compounds  are  cleaved  by 
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acid  but  unlike  other  acetals  some  methylenedioxy  compounds  are 
cleaved  by  base.   Arnold,  Bortnich  and  McMullen  prepared  a  series 
of  methylenedioxy  esters  by  condensing  catechol  with  keto  esters. 


//\0H 

k/CH 


Ps0 


+  CHaCOCHpCOOEt 


8^5 


CH, 


% 
^ 


p. 


C-CHpC-OET 


In  attempting  to  hydrolyze  the  ester  (V)  with  sodium  hydroxide,  they 
found  that  the  methylenedioxy  ring  was  cleaved  in  the  process.   The 
methylenedioxy  ring  in  the  following  esters  (VI  and  VII)  were  stable 
in  base. 


XA/  (CH3)2 

VI 


9 


0   CH3 

C-CH3CH3C-OEt 
0 


VII 


They  explained  this  unexpected  cleavage  by  assuming  that  the 
Intermediate  was  the  enol  of  the  ester  which  is  a  vinylog  of  the 
unstable  hemiacetal  or  hemiorthoester. 


a/\/ch 


\/v 


fc-CH=CJ-OEt 


NaOH 


^V 


OH 


VA) 
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Baker   and  coworkers  have   established   the   structures   of  parsley 
and  dill   apiol   through  total    synthesis. 
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H 
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HO^XCH 
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COCH 
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MCOOH 

v  x   j       - 


OH  OCHaCH=CH3 
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